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POTENTIAL  GROWTH  OF  THE 

SOUTHERN  PINE 

PLYWOOD  INDUSTRY 


Timber  supplies  and  costs  of  logging,  manufacturing ,  and 
transportation  were  evaluated  for  the  South,  west  coast,  and 
Rocky  Mountains  by  linear  programming.  The  results  indicate 
that  by  1975  the  South  will  be  supplying  30  percent  of  the 
Nation's  softwood  plywood,  while  maintaining  its  current  pro- 
portion of  lumber  output. 

Until  1963,  softwood  plywood  was  manufactured  largely  within 
the  Douglas-fir  region  on  the  west  coast.  Commercial  production 
of  southern  pine  plywood  began  that  year.  By  the  end  of  1967,  34 
plants  costing  more  than  $100  million  and  capable  of  supplying  21 
percent  of  the  industry's  production  had  been  installed  in  the  southern 
pinery  (table  1). 


Table  1. — Distribution  of  softwood  plywood  plants,  1959-1967  ' 


State 

1959     1! 

360 

1961 

1962 

1963 

1964 

1965 

1966 

1967 

California 

27        : 

28 

29 

25 

22 

22 

19 

18 

17 

Oregon 

78         J 

55 

88 

88 

89 

93 

89 

91 

89 

Washington 

36        : 

56 

35 

36 

37 

37 

37 

31 

32 

Colorado 

1 

1 

1 

Idaho 

1 

2 

2 

2 

2 

3 

4 

4 

4 

Montana 

1 

3 

3 

4 

5 

5 

6 

6 

6 

New  Mexico 

1 

Alabama 

1 

1 

3 

Arkansas 

1 

1 

3 

3 

4 

Florida 

1 

Georgia 

1 

4 

Louisiana 

3 

7 

9 

Maryland 

1 

1 

Mississippi 

1 

3 

4 

North  Carolina 

2 

3 

4 

Texas 

2 

3 

3 

3 

Virginia 

1 

1 

1 

Total 

143        1! 

54 

157 

155 

156 

163 

170 

174 

184 

1  Source:    Sherm 

an  (13). 
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A  number  of  factors  have  contributed  to  the  shift  in  the  plywood 
industry's  location.  Timber  availability  is  a  major  consideration. 
For  two  decades,  timber  inventories  have  been  building  up  in  the 
South  (17).  But  in  Oregon  and  Washington,  log  supplies  have  been 
falling  short  of  installed  lumber  and  plywood  processing  capacity 
since  the  1950's  (2).  The  chronic  shortage  of  legs  in  the  West  has 
been  aggravated  by  exports  to  Japan,  which  increased  from  a  trivial 
volume  in  1960  to  over  1.5  billion  board  feet  in  1967  (20). 

Other  circumstances  have  also  enhanced  the  South's  position. 
The  advent  of  high-speed  lathes  and  lathe  chargers  made  it  feasible 
to  peel  small  pine  logs.  In  recent  years,  sheathing  grades  of  plywood 
have  risen  to  a  predominant  position  in  the  market,  and  the  southern 
pines  are  highly  suitable  for  sheathing.  The  South  is  also  favored 
by  its  proximity  to  a  majority  of  the  Nation's  plywood  markets  and 
its  low  labor  costs  and  year-round  forest  operations  in  gentle  terrain. 

Even  with  the  growth  already  achieved,  the  South  lacks  enough 
plywood  capacity  to  supply  local  and  nearby  eastern  markets;  ship- 
ments from  the  West  fill  out  demands.  The  price  for  western  plywood 
consumed  in  the  East  must  cover  the  cost  of  stumpage,  logging,  manu- 
facture, and  transcontinental  shipment.  In  effect,  a  price  umbrella 
is  established  for  southern  manufacturers  who  can  apparently  supply 
plywood  to  eastern  markets  at  a  lower  price  than  that  determined 
by  shipments  from  the  West.  This  reasoning  implies  that  the  plywood 
industry  will  continue  to  expand  in  the  South.  The  objective  of  the 
economic  analysis  described  in  this  paper  is  to  explore  the  limits  to 
which  the  South's  plywood  industry  could  grow  by  1975. 

Problem 

Although  the  main  purpose  was  to  study  the  southern  pine  ply- 
wood industry,  other  products  and  timber  areas  had  to  be  considered. 
Competition  with  plywood  manufacturers  in  the  West  had  to  be 
accounted  for,  and  competition  between  plywood  and  lumber  mills 
for  sawtimber  supplies  could  not  be  ignored. 

In  the  long  run,  the  allocation  of  any  region's  timber  between 
plywood  and  lumber  depends  upon  the  relative  ability  of  each  indus- 
try to  compete  for  the  region's  available  stumpage.  The  industry 
which  has  the  greater  margin  between  average  market  prices  and 
average  costs  has  the  greatest  competitive  strength.  Since  it  can 
pay  more  for  stumpage  if  necessary,  it  can  be  expected  to  grow  at 
the  expense  of  the  other  industry  if  timber  shortages  develop. 

The  key  question,  therefore,  is:  What  is  the  potential  for  the 
major  timber  areas  of  the  country  to  compete  in  plywood  and  lumber 
markets?  The  answer  indicates  future  trends  in  the  location  of  both 
industries. 


Other  industries,  especially  the  pulp  and  paper  industry,  are 
expected  to  claim  a  total  of  almost  20  percent  of  the  Nation's  saw- 
timber  cut  in  1975.  The  claims  of  these  industries  on  sawtimber  were 
accounted  for  by  deducting  them  from  the  total  timber  supply. 

Analytic  Model 

The  concepts  of  traditional  location  theory  were  employed  to 
determine  the  ability  of  plywood  and  lumber  manufacturers  to  com- 
pete both  within  a  timber  region  and  between  regions  (5).  The  inter- 
dependent equilibrium  location  of  both  industries  was  found  by  using 
linear  programming  to  jointly  minimize  total  production  and  trans- 
portation costs  (7).  At  equilibrium,  no  manufacturer  in  any  region 
finds  it  profitable  to  change  his  product,  plant  location,  or  markets. 
At  the  same  time,  timber  owners  cannot  be  paid  more  than  they 
are  for  stumpage,  and  consumers  cannot  save  by  changing  their 
sources  of  supply.  The  year  1975  was  chosen  for  estimating  the 
equilibrium  location  for  the  plywood  and  lumber  industries.  Pre- 
sumably, that  year  is  far  enough  in  the  future  for  processing  plants 
to  be  depreciated  in  one  location  and  built  in  another. 

The  model  for  simultaneously  deriving  the  long-run  equilibrium 
location  of  plywood  and  lumber  production  was  minimize: 
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where : 

p  =  plywood 
u  =  lumber 

v  =  timber  suitable  for  plywood  or  lumber 
t  =  total  available  timber  resource,  all  of  which  can  be  sawn 
into  lumber  but  only  part  of  which  is  suitable  for  plywood 

i  =  24  timber  supply  regions 

j  =  43  timber  product  consumption  regions 

Li  =  the  cost  of  logging  1  M  board  feet  of  timber  in  supply 
region  i 

Cj  =  the  cost  of  processing  1  M  board  feet  of  timber  in  supply 
region  i 

Tjj  =  the  cost  of  transporting  1  M  board  feet,  log  equivalent,  of 
timber  from  supply  region  i  to  consumption  region  j 

Dj  =  consumption  requirement  at  j  in  M  board  feet,  log  equiv- 
alent 
Sj  =  timber  supplies  at  i,  in  M  board  feet  log  scale,  and 

Xij  =  the  unknown  variables  of  the  problem,  which  are  the  M- 
board-foot  equivalents  of  a  product  processed  in  i  and 
shipped  to  j. 


Equation  1  states  that  the  total  cost  of  logging,  processing,  and 
transporting  plywood  and  lumber  is  to  be  minimized.  Restrictions 
are  given  in  equations  2  through  8.  Equation  2  requires  the  sum  of 
all  plywood  shipments  received  at  each  market  region  to  equal  the 
region's  plywood  consumption.  Equation  3  states  the  same  for  lumber. 
Equation  4  requires  at  least  20  percent  of  the  plywood  consumed  in 
all  regions  to  come  from  the  three  westernmost  timber  regions.  It 
was  assumed  that  only  these  regions  can  make  A-face  plywood,  which 
is  expected  to  account  for  20  percent  of  production  in  1975.  Equation 
5  forces  at  least  30  percent  of  the  lumber  consumed  in  all  markets 
to  be  of  western  species.  That  proportion  of  the  lumber  consumed 
in  the  South  is  western,  even  though  southern  pine  can  be  purchased 
at  a  lower  price.  It  was  assumed,  therefore,  that  30  percent  of  con- 
sumption is  based  on  special  characteristics  of  western  species  rather 
than  on  price.  Equation  6  states  that  shipments  of  plywood  from 
each  supply  region  cannot  exceed  the  availability  of  timber  suitable 
for  its  production.  Equation  7  requires  each  region's  entire  timber 
availability  to  be  manufactured  and  shipped  out  in  the  form  of  ply- 
wood or  lumber.  Equation  8  is  a  standard  linear  programming  re- 
quirement which  prohibits  negative  shipments. 


Four  simplifying  assumptions  are  implicit  in  the  model:  1. 
Stumpage  and  product  markets  are  perfectly  competitive.  2.  The 
mix  of  plywood  and  lumber  consumed  in  all  demand  regions  is  the 
same  as  the  national  aggregate,  and  the  timber  of  all  supply  regions 
is  capable  of  yielding  the  mix,  except  as  noted  in  equations  4  and  5, 
3.  Unit  costs  of  logging,  manufacturing,  and  transporting  do  not  vary 
with  the  level  of  activity.  4.  Product  demand  and  timber  supply 
are  perfectly  price  inelastic. 

INPUT  DATA 

This  section  deals  with  the  data  required  by  the  model  and  their 
sources  and  methods  of  compilation.  The  reader  mainly  interested 
in  results  of  the  analysis  can  turn  to  page  16. 

Timber  Supply  Regions 

The  concern  is  not  with  specific  plant  locations  but  with  the 
future  location  of  plywood  and  lumber  production  within  broad 
geographic  areas.  The  Nation's  three  major  softwood  timber  areas 
are  the  west  coast,  the  Rockies,  and  the  South.  These  areas  were 
subdivided  into  a  total  of  22  domestic  timber  supply  regions  (fig.  1). 
State  lines  formed  the  boundaries  except  in  Washington,  Oregon, 
and  California.  Those  States  were  divided  into  east  and  west  sides 
to  reflect  significant  differences  in  timber  type  and  supply.  A  point 
centrally  located  with  respect  to  each  region's  timber  inventory  was 
chosen  for  computation  of  product  transportation  costs  from  the 
region. 

British  Columbia  was  divided  to  form  two  lumber  supply  regions. 
The  United  States  currently  imports  15  percent  of  its  softwood  lumber 
consumption,  and  British  Columbia  is  the  principal  supplier.  A  20- 
percent  tariff  on  imported  softwood  plywood  virtually  eliminates 
foreign  trade  in  it. 

The  Lake  States  and  the  Northeast  supply  very  little  of  the 
Nation's  softwood  lumber.  Furthermore,  the  softwoods  native  to 
these  areas  have  not  yet  been  shown  to  be  suitable  for  plywood 
manufacture.  Hence,  the  Lake  States  and  the  Northeast  were  not 
considered  to  be  supply  regions.  Lumber  made  there  was  deducted 
from  local  requirements. 

Consumption  Regions 

Demand  for  plywood  and  lumber  was  partitioned  among  43 
consumption  regions  (fig.  2).  The  boundaries  are  those  of  the  50  Major 
Trade  Regions  in  the  Rand  McNally  Commercial  Atlas  and  Marketing 
Guide  (11),  except  that  seven  regions  were  consolidated  with  adjacent 


ones  to  reduce  the  cost  of  computations.  The  major  city  in  each 
region  was  selected  to  represent  the  point  of  consumption  for  deter- 
mining transportation  costs. 
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Logging  Costs 

Differences  in  average  logging  costs  are  important  determinants 
of  the  competitive  relationships  among  regions.  The  estimates  of 
average  regional  logging  costs  came  from  USDA  Forest  Service 
timber  appraisal  documents  for  1966.  To  assure  the  public  a  fair 
price  for  its  timber,  a  minimum  price  is  set  on  national  forest  timber 
advertised  for  sale.  This  price  is  set  by  deducting  manufacturing 
and  logging  costs  from  f.o.b.  product  prices  at  mills  adjacent  to  the 
sale.  The  costs  are  summarized  by  national  forest  administrative 
regions  in  terms  of  local  log  rules.  These,  and  all  other  input  data, 
were  converted  to  the  International  V^-inch  log  rule.  The  costs  for 
the  southern  Rockies  were  adjusted  upward  because  increasingly 
difficult  logging  chances  will  probably  be  encountered  there.  The 
resulting  average  costs  are  given  in  table  2. 


Table  2. — Logging  and  manufacturing  costs  per  M  board  feet  of  logs  (Inter- 
national Vi-inch  rule)  for  plywood  and  lumber,  by  region,  1975 


Region 


Logging 


Plywood  labor 
and  glue 


Lumber 
manufacturing 


Dollars 


Southern  pine  regions 

Washington 
Western 
Eastern 

Oregon 
Western 
Eastern 

California 

Western 
Eastern 

Idaho 

Montana 

Wyoming 

Colorado 

New  Mexico 

Arizona 

British  Columbia 
Western  ' 
Eastern  ' 


24.02 


31.69 


33.21 


30.14 

45.92 

32.99 

26.44 

49.17 

33.51 

30.14 

45.92 

32.99 

26.44 

49.17 

33.51 

28.35 

45.92 

32.11 

28.35 

49.17 

32.11 

34.22 

49.17 

33.94 

34.22 

49.17 

33.94 

33.24 

49.17 

35.97 

33.24 

49.17 

35.97 

31.43 

49.17 

32.20 

31.43 

49.17 

32.20 

30.14 

32.99 

34.22 

... 

33.94 

Western  and  eastern  British  Columbia  were  assigned  the  same  logging  and 
lumber  manufacturing  costs  as  western  Washington  and  Idaho,  respectively. 
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Manufacturing  Costs 

Average  regional  lumber  manufacturing  costs  were  also  esti- 
mated from  1966  Forest  Service  timber  appraisal  data.  It  was 
assumed  that  regional  cost  differences  would  remain  constant  through 
1975. 

Because  plywood  plants  are  new  to  the  South,  manufacturing 
costs  are  not  available.  Regional  differences  in  cost  are  all  that  the 
model  requires,  however,  and  they  were  approximated  by  comparing 
labor  and  gluing  costs  in  each  region.  Labor  makes  up  58  and  glue 
8  percent  of  total  plywood  manufacturing  costs,  excluding  wood  (20). 
Since  the  equipment  for  manufacturing  a  given  plywood  mix  is  about 
the  same  everywhere,  other  variable  and  fixed  costs  were  assumed 
to  be  equal  in  all  regions. 

From  data  collected  in  Washington  and  Oregon,  Smith  and 
Gedney  (14)  estimated  the  plywood  output  per  man-hour  as  151 
square  feet  (3 /8-inch  basis)  in  integrated  plants.  At  a  conversion 
ratio  of  1.9  square  feet  of  plywood  per  board  foot,  12.58  man-hours 
are  required  to  process  a  thousand  board  feet  of  logs.  This  labor 
requirement  was  applied  in  all  regions.  Therefore,  the  differences 
in  computed  labor  costs  between  regions  arise  from  differences  in 
wage  rates. 

For  many  years  workers  in  forest  industries  have  earned  approx- 
imately twice  as  much  per  hour  in  the  West  as  in  the  South  (fig.  3). 
The  hourly  wage  in  1966  averaged  $1.58  in  the  Southern  States  and 
$2.94  in  the  West  (15).  To  these  hourly  rates  were  added  11.15 
percent  for  fringe  benefits  (12),  which  increased  the  differential 
slightly. 

Gluing  costs  are  considerably  higher  in  the  southern  regions 
than  elsewhere  for  two  reasons.  First,  the  plants  there  are  using 
expensive  phenolic-resin  adhesives.  Second,  glue  spreads  in  the 
South  must  be  heavier  to  prevent  poor  glue  lines  caused  by  high 
ambient  temperatures,  high  absorptiveness  of  springwood,  and  rough- 
ness of  southern  pine  veneer  (4). 

A  major  supplier  of  adhesives  to  the  plywood  industry  provided 
average  prices  for  each  major  timber  area.  The  costs  per  M  square 
feet  of  plywood  were  estimated  to  be  $5.05  in  the  South,  $2.53  on 
the  west  coast,  and  $4.24  in  the  inland  regions  of  the  West.  Regional 
differences  in  manufacturing  costs  are  presented  in  table  2. 
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Figure  3. — Average    hourly   wages   of   workers   in   forest-products 
industries  in  four  States,  1950  to  1966. 


Transportation  Costs 

With  22  timber  regions,  43  market  regions,  and  two  products, 
a  complete  listing  of  transportation  rates  would  require  1,892  entries. 
The  matrix  doubles  if  both  rail  and  truck  hauls  are  considered,  and 
the  possible  water  routes  add  even  more.  Since  railroads  are  com- 
petitive with  these  other  modes  of  transportation,  rail  rates  were 
used  in  the  analysis.  To  further  simplify,  equations  were  developed 
to  relate  cost  to  hauling  distance.  The  equations  were  based  on  100 
routes  systematically  selected  to  represent  all  situations.  Rates  for 
the  sample  routes  were  obtained  from  railroad  companies  for  ship- 
ments of  40  tons,  the  average  weight  of  a  carload  of  plywood  or 
lumber  (6). 
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Rail  rates  per  mile  depend  upon  the  region  of  origin  as  well  as 
the  destination.  Also,  plywood  and  lumber  do  not  always  have  the 
same  rate.  These  complications  made  necessary  three  equations  for 
southern  shipments: 

Ci  =  17.15  +  0.0545D  R2  =  0.999 

C2  =  16.97  +  0.0486D  R->  =  0.988 

C3  =  8.71  +  0.0530D  R2  =  0.973 

^here : 

Cx  =  cost  per  cwt.  for  plywood  shipped  from  any  southern  pine 
region  into  Official  Territory  (Northeastern  United 
States) 

C2  =  cost  per  cwt.  for  lumber  shipped  from  any  southern  pine 
region  into  Official  Territory 

C3  =  cost  per  cwt.  for  plywood  or  lumber  shipped  from  any 
southern  pine  region  to  cities  not  in  Official  Territory 

D  =  distance  in  miles,  short-line  haul. 

A  blanket  rate  of  $1.41  per  cwt.  applies  to  lumber  shipments 
Tom  Washington,  Oregon,  California,  Idaho,  and  Montana  into  Offi- 
:ial  Territory.  For  all  other  shipments  of  both  lumber  and  plywood 
Tom  the  West,  a  single  equation  was  appropriate: 

C  =  11.11  +  0.1823D  —  0.0000118D2  R2  =  0.967 

Short-line  haul  distances  between  all  combinations  of  supply 
md  demand  regions  were  computed  from  a  Rand  McNally  table  and 
nap  (10). 

Table  3  shows  the  weights  assigned  to  each  product,  by  area  of 
>rigin.  These  weights  were  calculated  for  lumber  at  15-percent  mois- 
:ure  content,  plywood  at  8-percent  moisture  content,  and  specific 
gravities  taken  from  the  Wood  Handbook  (16). 


fable  3. — Product  weights,  by  major  softwood  region 


Region 


Plywood,  per  M  sq.  ft., 
3/8-inch  basis 


Lumber  per  M  bd.  ft. 


Pounds 


South  1,190  2,210 

Pacific  coast  1,125  2,090 

[nlandWest  1,005  1,800 
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Consumption 

The  American  Plywood  Association  (APA)  recently  predicted 
that  20.4  billion  square  feet  (3/8-inch  basis)  of  plywood  will  be 
consumed  in  the  Nation  in  1975  (8).  This  estimate  was  accepted  and 
divided  among  consuming  regions  (table  4)  in  the  proportions  re- 
ported by  the  APA  for  1966  shipments  (1). 


Table  4. — Requirements  for  plywood,  3/8-inch  basis,  by  consuming  region, 
1975 


Region 

Requirements 

Region 

Requirements 

Million  sq.  ft. 

Million  sq.  ft. 

Atlanta 

592 

Memphis 

306 

Birmingham 

265 

Miami 

224 

Boston 

755 

Milwaukee 

408 

Buffalo 

245 

New  Orleans 

347 

Charlotte 

775 

New  York 

1,897 

Chicago 

1,346 

Norfolk 

306 

Cincinnati 

286 

Oklahoma  City 

265 

Cleveland 

347 

Omaha 

204 

Columbus 

143 

Philadelphia 

755 

Dallas 

490 

Phoenix 

143 

Denver 

327 

Pittsburgh 

265 

Des  Moines 

306 

Portland 

1,081 

Detroit 

816 

St.  Louis 

367 

Houston 

265 

St  Paul 

571 

Huntington 

61 

Salt  Lake  City 

265 

Indianapolis 

245 

San  Antonio 

143 

Jacksonville 

224 

San  Francisco 

1,346 

Seattle 

898 

Kansas  City 

408 

Spokane 

265 

Knoxville 
Little  Rock 
Los  Angeles 

224 

123 

1,265 

224 

Tampa 
Washington 

Total 

143 

469 

Louisville 

20,400 

The  USDA  Forest  Service  estimated  that  the  Nation  will  require 
33.7  billion  board  feet  of  softwood  lumber  in  1975  (17).  This  volume 
was  distributed  among  the  consumption  regions  in  proportion  to  their 
1967  populations  (11).  Slight  adjustments  were  made  to  allow  for 
regional  differences  in  residential  construction  practices  (9). 

Approximately  1.42  billion  board  feet  of  lumber  will  be  pro- 
duced in  the  Northeast  and  the  Lake  States  in  1975  if  these  areas' 
proportions  of  softwood  lumber  production  do  not  change  (18).  This 
volume  was  deducted  from  the  consumption  requirements   in  the 
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:alities  where  it  was  produced.  As  a  result,  net  consumption  in 
e  demand  regions  in  1975  is  32.28  billion  board  feet.  It  is  distribu- 
i  as  shown  in  table  5. 


ble  5. — Net  requirements  for   lumber,  by  consuming  region,   1975 

Region 

Requirements 

Region 

Requirements 

Million  bd.  ft. 

Million  bd.  ft. 

Lanta 

872 

Memphis 

549 

rmingham 

613 

Miami 

323 

ston 

968 

Milwaukee 

581 

ffalo 

452 

New  Orleans 

613 

arlotte 

1,323 

New  York 

4,325 

icago 

2,130 

Norfolk 

613 

ncinnati 

517 

Oklahoma  City 

452 

?veland 

775 

Omaha 

290 

lumbus 

291 

Philadelphia 

1,614 

lias 

968 

Phoenix 

290 

nver 

646 

Pittsburgh 

807 

s  Moines 

452 

Portland 

355 

troit 

1,453 

St.  Louis 

710 

uston 

549 

St.  Paul 

710 

intington 

258 

Salt  Lake  City 

226 

iianapolis 
iksonville 

387 
323 

San  Antonio 
San  Francisco 

323 
1,227 

Seattle 

452 

nsas  City 

484 

Spokane 

323 

loxville 
Ltle  Rock 
s  Angeles 

420 

258 

1,840 

420 

Tampa 
Washington 

Total 

194 
904 

uisville 

32,280 

mber  Availability 

The  projections  of  sawtimber  growth  and  cut  found  in  Timber 
ends  in  the  United  States  (17)  were  the  source  of  the  timber  avail- 
ility  estimates  for  1975.  In  the  South,  it  was  assumed  that  net 
inual  sawtimber  growth  in  1975  would  be  available  for  cutting, 
l  the  national  forests  in  the  West,  the  planned  allowable  cut  was 
nsidered  available.  On  other  lands  in  the  West,  the  projection  of 
t  was  accepted.  Since  these  projections  of  cut  and  growth  are  for 
eas  much  larger  than  the  timber  regions  of  the  model,  volumes  had 
be  assigned  to  the  regions  in  proportion  to  their  current  timber 
ventory.  The  results  are  given  in  the  first  column  of  table  6.  This 
lumn  also  includes  the  6.5  billion  board  feet  of  lumber  imports  pro- 
cted  to  come  from  British  Columbia  in  1975.  Lumber  imports,  in 
feet,  add  to  the  domestic  timber  supply. 
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Table  6. — Timber  availability,  by  region,  1975 


Timber  region 

Timber 
available 

Deduction 

for 
pulpwood 

Other 
Deduc- 
tions ' 

Available 

for  lumber 

and 

plywood 

Net  volume 
suitable 

for 
plywood 



Billion  bd.  ft.,  Int.  V* 

-inch  log  rule 

Virginia 

1.14 

0.34 

0.04 

0.76 

0.46 

North  Carolina 

2.48 

.45 

.02 

2.01 

1.16 

South  Carolina 

1.24 

.47 

.10 

.67 

.40 

Georgia 

2.72 

1.26 

.06 

1.40 

.68 

Florida 

1.05 

.63 

.09 

.33 

.14 

Alabama 

2.77 

.85 

.09 

1.83 

1.21 

Mississippi 

1.64 

.41 

.07 

1.16 

.73 

Louisiana 

2.17 

.43 

.07 

1.67 

1.16 

Arkansas 

2.53 

.26 

.07 

2.20 

1.46 

Texas 

2.12 

.25 

.08 

1.79 

1.19 

Washington 

Western 

4.98 

.76 

1.32 

2.90 

2.90 

Eastern 

1.46 

30 

.05 

1.11 

1.11 

Oregon 

Western 

7.03 

.23 

.61 

6.19 

5.70 

Eastern 

2.24 

.09 

.07 

2.08 

1.93 

California 

Western 

2.46 

.00 

.10 

2.38 

2.14 

Eastern 

2.98 

.00 

.09 

2.89 

2.62 

Idaho 

1.73 

.02 

.01 

1.70 

1.29 

Montana 

1.53 

.02 

.01 

1.50 

1.14 

Wyoming 

.38 

.00 

.00 

.38 

.29 

Colorado 

.83 

.00 

.00 

.83 

.83 

New  Mexico 

.41 

00 

.00 

.41 

.31 

Arizona 

.39 

.04 

.00 

.35 

.29 

British  Columbia 

Western 

3.25 

.  •  . 

3.25 

Eastern 

3.25 

3.25 

Total 

52.78 

6.81 

2.95 

43.02 

28.94 

'Includes  poles,  piling,  log  exports,  and  the  log  equivalents  of  lumber  ex- 
ports. 

While  the  lumber  industry  can  process  all  trees  classed  as  saw- 
timber,  utilization  standards  are  somewhat  higher  in  the  plywood: 
industry.  In  the  South,  plywood  plants  aim  for  an  average  bolt  ol 
12  to  14  inches  d.i.b.  with  a  minimum  size  of  10  inches.  Veneer  yield! 
is  very  sensitive  to  bolt  characteristics  including  crook  and  the  num- 
ber and  size  of  knots.  In  the  South,  it  was  assumed  that  all  of  the1 
sawtimber  volume  in  trees  13  inches  d.b.h.  and  larger  could  be 
processed  into  veneer.  Although  many  of  the  butt  cuts  in  smaller 
trees  would  be  acceptable  for  plywood,  that  volume  is  compensated 
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or  by  the  unusable  volume  in  the  upper  bole  of  trees  13  inches  d.b.h. 
nd  larger.  To  reflect  slightly  different  utilization  standards,  15 
riches  d.b.h.  was  assumed  to  be  the  minimum  tree  size  for  plywood 
n  the  West. 

Timber  Trends  in  the  United  States  (17)  contains  a  projection 
f  the  distribution  of  harvest,  by  d.b.h.  class,  in  the  year  2000  for 
he  major  timber-growing  areas.  The  diameter  distribution  of  cut 
n  1975  was  projected  by  interpolating  between  1962  and  2000. 

The  amount  of  timber  available  was  reduced  to  account  for 
roducts  other  than  plywood  and  lumber  made  from  sawtimber- 
ized  trees.  The  pulp  and  paper  industry  is  the  most  important 
ompetitor  for  sawtimber.  Traditionally,  the  bulk  of  the  roundwood 
sed  by  this  industry  has  come  from  trees  below  sawtimber  size, 
ut  the  situation  is  changing.  For  example,  a  survey  by  Christopher  ' 
ndicated  that  66  percent  of  the  pulpwood  harvested  in  the  Deep 
iouth  comes  from  sawtimber-sized  trees — 45  percent  from  trees  9 
o  13  inches  d.b.h.  and  21  percent  from  trees  larger  than  13  inches. 

Approximately  33.75  million  cords  of  round  softwood  may  be 
equired  by  the  pulp  and  paper  industry  in  1975  (17).  It  was  assumed 
hat  the  pulp  and  paper  industry  has  superior  bargaining  power  in 
tumpage  markets  because  of  the  tremendous  capital  investment  it 
lust  protect.  Hence  its  requirements  were  deducted  from  gross 
imber  availability  in  proportion  to  recent  estimates  of  pulpwood 
roduction  by  State  (21).  A  cord  was  assumed  to  equal  80  cubic 
set  of  solid  wood,  and  factors  to  convert  from  cubic  feet  of  round- 
/ood  to  board  feet  (International  ^-inch  log  rule)  were  derived  from 
'imber  Trends  in  the  United  States  (17),  where  sawtimber  inventory 
n  each  State  is  given  in  both  cubic  feet  and  board  feet.  A  total  of 
.826  billion  board  feet  was  deducted  from  gross  timber  availability 
or  the  pulp  and  paper  industry  ( table  6 ) .  Christopher's  results ' 
/ere  used  to  divide  this  deduction  between  the  two  size  classes  of 
imber. 

Other  deductions  from  timber  availability  shown  in  table  6 
/ere  for  poles  and  piling,  lumber  exports,  and  log  exports.  Poles 
nd  piling  are  expected  to  drain  about  630  million  board  feet  of 
awtimber-sized  material  in  1975.  The  projected  lumber  export  in 
975  will  reduce  the  supply  of  available  timber  by  780  million  board 
eet.  Log  exports  from  the  Pacific  coast  to  Japan  have  become  a 
ignificant  drain  on  the  forests  of  that  area,  but  legislation  limiting 
xports  from  Federal  lands  should  allay  the  recent  trend.  Hence, 
mly  1,525  million  board  feet  of  log  exports  were  deducted  in  western 
Vashington  and  Oregon. 


Christopher,  J.  F.    Unpublished  data  collected  at  the  Southern  Forest  Exp.   Sta.,  USDA 
Forest  Serv.,  New  Orleans,  La.    1964. 
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RESULTS  AND  CONCLUSIONS 

In  applications  of  linear  programming,  it  is  helpful  to  interpret 
the  results  literally  at  the  outset.  Deficiencies  in  the  model  can  be 
considered  before  drawing  conclusions.  A  number  of  estimates  of  the 
South's  plywood  production  potential  were  made,  but  only  two  are 
reported  here.  The  first  is  based  on  the  most  favorable  cost  assump- 
tions with  respect  to  southern  plywood  manufacture,  and  the  second 
on  the  most  unfavorable. 


The  first  solution  assumes 
a  continuation  of  historically 
low  southern  wage  rates.  In 
it,  southern  costs  are  $14.23 
less  than  those  of  the  Pacific 
coast  regions  for  processing 
a  thousand  board  feet  of  logs 
into  plywood  ( table  2 ) .  In 
the  second  solution,  plywood 
manufacturing  costs  are  as- 
sumed to  be  equal  in  all  re- 
gions. 

The  first  solution  indicates 
that  in  the  long  run  the 
South  could  support  59  per- 
cent of  the  Nation's  plywood 
production  ( table  7 ) .  That 
is,  the  location  of  the  ply- 
wood and  lumber  industries 
would  be  stable  if  59  percent 
of  the  Nation's  plywood 
were  eventually  produced  in 
the  South.  The  solution  in- 
dicates that  while  the 
South's  share  of  plywood 
production  will  greatly  in- 
crease, its  share  of  lumber 
production  will  remain  rela- 
tively stable  at  22  percent  of 
national  production. 

In  the  second  solution,  the 
South's  proportion  of  the 
plywood  industry  is  reduced 
to  36  percent  (table  8). 


Table  7. — Location  of  plywood  and  lum- 
ber production  in  the  first  so- 
lution 


Timber  region 


Plywood  Lumber 


Total 


100.0 


-  Percent  - 

Virginia 

4.3 

0.9 

North  Carolina 

10.8 

2.5 

South  Carolina 

3.1 

1.0 

Georgia 

3.4 

3.0 

Florida 

1.3 

.6 

Alabama 

8.5 

2.7 

Mississippi 

3.7 

2.3 

Louisiana 

5.9 

3.1 

Arkansas 

13.6 

2.2 

Texas 

4.8 

3.8 

South 

59.4 

22.1 

Washington 

Western 

16.5 

3.3 

Eastern 

.0 

3.3 

Oregon 

Western 

10.7 

14.9 

Eastern 

.0 

6.2 

California 

Western 

12.8 

3.0 

Eastern 

.0 

8.6 

Pacific  area 

40.0 

39.3 

Idaho 

.0 

5.0 

Montana 

.0 

4.4 

Wyoming 

.0 

1.1 

Colorado 

.0 

2.5 

New  Mexico 

.0 

1.2 

Arizona 

.6 

.9 

Rocky  Mountain  area 

.6 

15.1 

British  Columbia 

19.3 

Other  domestic 

timber  areas 

4.2 

100.0 
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A  comparison  of  the  two 
solutions  indicates  that  a 
large  part  of  the  South's  po- 
tential is  based  on  maintain- 
ing favorable  manufacturing 
costs.  Even  if  the  favorable 
cost  differential  were  com- 
pletely eroded,  the  South 
would  have  an  advantage  in 
producing  slightly  over  a 
third  of  the  Nation's  ply- 
wood. The  sources  of  that 
advantage  are  low  logging 
costs  and  low  transportation 
costs  to  markets  in  the  pop- 
ulous Eastern  United  States. 
These  two  factors  also  favor 
the  southern  lumber  indus- 
try, which  responds  to  a 
lower  level  of  plywood  pro- 
duction in  the  second  so- 
lution by  increasing  its  out- 
put to  29  percent  of  national 
requirements. 

In  terms  of  product  vol- 
umes, the  South's  plywood 
production  potential  lies  be- 
tween 7  and  12  billion 
square  feet  in  1975  (table  9). 
The  projected  level  of  tim- 
ber availability  in  the  South 
enables  the  area  to  increase 
its  combined  plywood  and 
lumber  production  appreci- 
ably. In  the  Pacific  States, 
output  of  both  products  de- 
clines because  of  the  pro- 
jected reduction  in  timber 
availability. 
As  the  southern  plywood  industry  approaches  its  growth  poten- 

ial,  competition  for  timber  will  raise  stumpage  prices,  and  competi- 

ion  in  the  market  will  lower  f.o.b.  plywood  prices.    Thus,  southern 

nanufacturers  will  slowly  lose  their  advantage. 

These  forces  of  competition  have   not   yet   worked   themselves 

>ut.   In  1966,  the  average  selling  price  per  M  board  feet  (Scribner) 


able  8. — Location  of  plywood  and  lum- 

ber production  in  the  second 

solution 

imber  region 

Plywood 

Lumber 

-  Percent  - 

irginia 

1.2 

1.9 

orth  Carolina 

9.6 

2.9 

outh  Carolina 

3.1 

1.0 

eorgia 

3.4 

3.0 

lorida 

1.3 

.6 

labama 

3.8 

4.2 

[ississippi 

1.3 

3.0 

ouisiana 

.0 

4.9 

rkansas 

8.1 

4.0 

exas 

4.6 

3.9 

outh 

36.4 

29.4 

Washington 

Western 

16.2 

3.4 

Eastern 

.0 

3.3 

iregon 

Western 

9.4 

15.4 

Eastern 

2.6 

5.3 

alifornia 

Western 

10.6 

3.6 

Eastern 

2.2 

7.9 

acific  area 

41.0 

38.9 

iaho 

9.8 

1.9 

lontana 

7.8 

2.0 

/yoming 

2.7 

.3 

olorado 

1.7 

1.9 

ew  Mexico 

.0 

1.2 

Lrizona 

.6 

.9 

i.ocky  Mountain  area 

22.6 

8.2 

tritish  Columbia 

19.3 

)ther  domestic 

timber  areas 

4.2 

Total 

100.0 

100.0 
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Table  9. — Current  and  projected  production  of  lumber  and  plywood,  by  area 


Product  and  area 


Current 


Projected 


First  solution 


Second  solution 


Plywood 
South 
Pacific 
Rockies 

Total 


Billion  square  feet 


1.72 

12.12 

7.43 

10.28 

8.16 

8.36 

1.00 

.12 

4.61 

13.00 


20.40 


20.40 


Billion  board  feet 


Lumber 
South 
Pacific 
Rockies 

Total 


6.61 

7.45 

9.91 

17.40 

13.20 

13.11 

4.18 

5.09 

2.76 

28.19 


25.78 


25.78 


'  Current  plywood  figures  are  for  1967  (8,  13).   Lumber  figures  are  for  1966 

(19). 

of  west-side  Douglas-fir  stumpage  from  national  forest  lands  was 
$43.32,  while  national  forest  stumpage  prices  throughout  the  South 
averaged  $38.12  (3).  As  programmed  for  the  second  solution,  firms 
had  to  pay  $6.12  more  per  M  board  feet  for  logging  in  western  Oregon 
than  in  Louisiana  and  $11.26  more  to  ship  their  plywood  to  New 
York  City.  Applying  the  proper  conversion  factors,  plywood  could 
be  delivered  from  Louisiana  to  New  York  City  for  $11.15  per  M 
square  feet  less  than  from  western  Oregon.  Labor  cost  differentials 
would  make  the  margin  for  Louisiana  mills  even  larger.  Yet  since 
most  plywood  consumed  in  New  York  City  still  comes  from  the  West, 
the  price  in  that  market  is  set  by  transactions  with  western  mills. 
If  southern  manufacturers  get  the  same  delivered  price  for  their 
product,  they  acquire  the  $11.15  as  an  extraordinary  gain. 

The  linear  programming  model  gives  the  stumpage  prices  that 
would  result  if  the  plywood  industry  were  to  attain  its  full  potential 
in  the  South.  Values  were  lowest  in  western  Washington  and  Oregon. 
In  table  10,  stumpage  values  on  the  west  coast  were  set  at  zero,  and 
all  other  values  were  expressed  relative  to  them.  Stumpage  in  every 
southern  region  must  rise  to  more  than  $20  above  the  price  of  com- 
parable stumpage  on  the  Pacific  coast  before  the  incentive  for  loca-- 
tional  change  is  eliminated. 

Although   these   prices   are   theoretical,    they   demonstrate   th€i 
inherent  value  of  southern  pine  as  compared  to  timber  in  other  major 
forest  areas.    This  value  will  be  made  explicit  as  the  South  experi 
ences  growth  in  its  plywood  industry,  its  burgeoning  pulp  and  pape: 
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Region 


Stumpage 
differential 


Dollars  per  M  bd.  ft. 


'able  10. — Relative  values  of  stump-        industry,    and    its    revitalized 
age  among  regions  in  the        pine  iumber  industry.    Hence, 

second  solution  ,,  ,     .  r.,    ,  i     /• 

the  prospects  for  profitable  for- 
est management  look  brightest 
in  the  South. 

When  deciding  what  will  ac- 
tually occur  in  1975,  it  must  be 
remembered  that  the  model  is 
frictionless.  It  is  not  equipped 
to  handle  many  subjective  and 
unquantifiable  factors  which 
make  industrial  migration  slug- 
gish. For  example,  business- 
men are  not  motivated  to 
squeeze  the  last  penny  of  ex- 
cess profit  out  of  the  system. 
Competition  and  product  ho- 
mogeneity are  far  from  perfect, 
as  is  knowledge.  Time,  effort, 
and  money  are  required  to  gain 
sufficient  information  to  build 
a  plywood  plant  in  a  new  loca- 
tion and  arrange  for  the  dis- 
tribution of  its  output.  Neither 
the  cost  of  information  nor  the 
cost  of  risk  and  uncertainty 
were  included  in  the  model. 

Timber  procurement  is  an- 
other major  economic  activity 
hat  the  model  does  not  take  into  account.  If  purchase  of  forest  land  is 
onsidered  necessary  to  assure  a  timber  supply  in  the  South,  invest- 
nents  are  substantially  increased.  Where  a  timber  supply  cannot 
>e  assured  by  purchase  of  land  or  long-term  commitments,  many 
irms  may  shrink  from  assuming  that  the  multitude  of  small  land- 
»wners  in  the  South  can  be  counted  on  to  supply  suitable  stumpage. 

In  spite  of  the  many  qualifications,  the  model's  results  do  indi- 
:ate  future  changes  in  the  plywood  industry's  location.  Even  accord- 
ng  to  the  conservative  solution,  the  plywood  industry's  incentive 
'or  locational  change  will  be  completely  eliminated  only  when  36 
>ercent  of  the  industry  has  shifted  to  the  South. 

The  speed  with  which  industry  reacts  to  the  South's  potential 
lepends  on  industrial  motivations  which  are  hard  to  quantify,  but 
;here  is  plenty  of  room  for  optimism.    Most  plywood  plants  have 


Irginia 

28.32 

rorth  Carolina 

27.19 

outh  Carolina 

25.64 

Georgia 

23.21 

lorida 

24.98 

dabama 

22.55 

lississippi 

21.45 

■ouisiana 

20.56 

ixkansas 

22.77 

exas 

21.66 

Washington 

Western 

.00 

Eastern 

8.16 

)regon 

Western 

.00 

Eastern 

7.44 

lalifornia 

Western 

4.97 

Eastern 

7.65 

daho 

.67 

lontana 

1.93 

Wyoming 

11.51 

Colorado 

7.13 

lew  Mexico 

13.84 

Arizona 

9.70 
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been  built  in  the  South  by  large,  fully  integrated,  forest  products 
companies  with  western  experience  in  plywood  manufacture.  Virtu- 
ally all  of  the  firms  either  own  or  are  closely  associated  with  national 
wholesalers  of  building  materials.  The  new  plants,  therefore,  have 
readymade  outlets  through  which  to  move  southern  pine  plywood. 

Thus  far,  most  plants  have  been  built  only  after  a  supply  of 
timber  had  been  obtained  in  a  choice  locality  through  purchase, 
merger,  or  long-term  lease.  As  expansion  continues,  opportunities 
to  control  timber  will  diminish.  Nevertheless,  the  momentum  gath- 
ered over  the  last  5  years  should  continue.  By  1975,  the  South  should 
be  producing  at  least  6  billion  square  feet  of  plywood — 30  percent 
of  the  Nation's  projected  requirement. 
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This  paper  reports  a  study  of  factors  that  determine  the  prices 
paid  for  pine  sawtimber  stumpage  in  South  Carolina.  A  further 
objective  of  the  research  was  to  describe  long-term  movements  and 
short-term  fluctuations  in  prices.  The  resulting  information  can  be 
used  in  selling  or  buying  timber,  making  decisions  about  timber- 
growing  investments,  or  assigning  values  to  timber  for  other  pur- 
poses. 

The  prices  analyzed  were  those  paid  to  individual  private  owners 
between  1948  and  1967.  The  research  extended  earlier  studies  of 
the  effects  on  prices  of  timber  characteristics,  market  features,  geo- 
graphic location,  and  other  factors  (1,  2,  3).  Results  are  based  on  a 
greater  number  of  transactions,  over  a  longer  span  of  time  ( 20  years), 
than  were  available  previously.  Studies  elsewhere  in  the  South, 
especially  those  by  Guttenberg  and  others  of  sales  on  national  forests 
(4,  5,  6)  were  of  value  in  the  analysis. 

The  Data 

Information  was  drawn  from  sales  records  that  State  foresters 
had  submitted  to  the  South  Carolina  Forestry  Commission  between 
January  1948  and  December  1967.  Marking  timber  stands  for  cutting 
is  one  of  the  services  State  foresters  provide  private  landowners.  Of 
the  pine  sawtimber  sales  made  during  this  period,  747  qualified  for 
study.  Less  than  10  percent  of  their  volume  was  in  hardwoods,  and 
the  date  of  sale  and  price  received  were  recorded.  The  data  also 
included  total  volume  sold,  number  of  trees  marked,  and  acreage. 
Number  of  bidders  was  available  for  373  sales. 

The  means  and  ranges  of  values  for  the  major  items  of  data  were: 

Mean  Range 

Bidders  (number) 

Tract  area  (acres) 

Total  volume  (thousand  board  feet) 

Volume  per  acre  (thousand  board  feet) 

Volume  per  tree  (board  feet) 


3 

1-11 

47 

1-350 

97 

3-715 

3 

1-15 

151 

40-520 

Although  the  sales  reports  had  been  made  primarily  for  admin- 
istrative purposes,  they  were  particularly  well  suited  to  price  an- 
alysis. They  represented  a  large  number  of  similar  sales  distributed 
throughout  the  State.  All  of  the  timber  sold  was  from  lands  of 
farmers  and  other  individual  private  owners;  none  of  the  sales  were 
from  industrial  or  public  lands.  Moreover,  all  tracts  had  been  marked 
by  a  single  agency.  Hence  the  marking  practices  and  standards,  and 
the  kind  of  information  collected  and  the  form  in  which  it  was 
recorded,  were  uniform  for  all  sales. 

The  prices  are  indicative  of  what  such  timber  should  bring,  since 
the  tracts  had  been  sold  in  the  manner  foresters  usually  prescribe. 
Trees  had  been  marked  and  cruised  by  an  experienced  individual, 
and  the  owners  had  sought  several  bids.  Both  buyers  and  sellers 
knew  the  volume  of  timber  being  offered  for  sale. 

Price  Movements 

Between  1948  and  1967,  the  trend  of  pine  sawtimber  prices  was 
upward  (fig.  1).  Over  this  period,  the  average  price  per  thousand 
board  feet,  Scribner  log  rule,  increased  from  $26.03  to  $42.33.  The 
rate  of  increase  was  82  cents  per  year;  in  terms  of  compound  interest, 
it  amounted  to  a  rise  of  2M>  percent  yearly. 


Figure  1. — Annual  average  pine  sawtimber  prices  and  stand- 
ard deviations,  SoiUh  Carolina,  1948-1967. 
Shaded  areas  represent  recession  periods  as  deter- 
mined by  the  National  Bureau  of  Economic  Re- 
search. 


Average  annual  prices  fluctuated  widely  around  this  trend. 
Peaks  occurred  in  1948,  1952,  and  1959,  and  by  the  close  of  1967 
prices  were  rising  toward  a  new  high.  The  price  pattern  was  fairly 
uniform  over  the  State  (table  1).  Throughout  each  cycle,  increases 
were  more  prolonged  than  declines.  Both  the  trend  and  the  cyclical 
variations  around  it  were  associated  with  the  ups  and  downs  of  the 
lumber  market. 


Table  1. — Average  annual  pine  sawtimber  prices  per  thousand  board  feet,  by  zone  (see  fig.  4). 
South  Carolina,  1948-1967 


Zone  1 

Zone  2 

Zone  3 

Zone  4 

Zone  5 

Year 

Average 
price 

Sales 

Average 
price 

Sales 

Average 
price 

Sales 

Average 
price 

Sales 

Average 
price 

Sales 

Dollars 

No. 

Dollars 

No. 

Dollars 

No. 

Dollars 

No. 

Dollars 

No. 

1948 

24.81 

7 

22.51 

7 

26.42 

8 

26.65 

11 

31.78 

4 

1949 

19.33 

11 

18.06 

3 

24.50 

12 

29.06 

5 

26.79 

12 

1950 

28.07 

8 

25.30 

12 

34.14 

14 

28.15 

6 

29.53 

14 

1951 

27.20 

30 

34.63 

9 

40.05 

11 

39.45 

10 

32.89 

8 

1952 

32.21 

17 

36.59 

10 

39.20 

5 

40.33 

6 

43.10 

12 

1953 

20.38 

31 

32.85 

2 

43.13 

3 

34.32 

5 

33.81 

6 

1954 

23.42 

11 

32.08 

8 

32  30 

1 

34.70 

6 

31.07 

6 

1955 

29.16 

17 

32.01 

12 

40.85 

4 

37.51 

15 

35.80 

15 

1956 

28.60 

5 

40.05 

4 

45.00 

1 

33.90 

3 

35.95 

4 

1957 

31.96 

5 

30.80 

4 

32.53 

3 

41.47 

14 

40.00 

3 

1958 

30.66 

8 

34.06 

7 

38.97 

7 

39.25 

12 

36.25 

2 

1959 

37.01 

14 

36.60 

9 

42.65 

11 

49.15 

6 

38.96 

7 

1960 

37.47 

17 

46.62 

4 

38.98 

17 

45.23 

6 

34.35 

4 

1961 

33.43 

3 

34.33 

3 

36.89 

7 

39.12 

4 

33.50 

2 

1962 

30.97 

11 

34.00 

4 

54.30 

1 

40.60 

2 

36.00 

2 

1963 

32.43 

3 

39.92 

6 

34.20 

5 

32.50 

1 

33.96 

5 

1964 

32.18 

5 

37.90 

5 

3708 

12 

41.10 

2 

32.28 

5 

1965 

34.29 

15 

32.23 

7 

40.25 

6 

43.40 

11 

30.80 

1 

1966 

39.56 

5 

37.36 

7 

41.86 

5 

40.67 

3 

41.43 

3 

1967 

37.70 

1 

35.43 

3 

42.40 

5 

45.54 

11 

40.26 

5 

Total 

747 

224 

126 

138 

139 

120 

Within  years,  stumpage  prices  displayed  seasonal  patterns.  The 
seasonal  variation  from  1948  to  1957  and  from  1958  to  1967  was 
calculated  by  the  moving-average  method.  Seasonal  fluctuations  in 
these  two  10-year  periods  had  approximately  the  same  amplitude 
of  movement,  but  in  the  first  period  prices  peaked  in  the  fall  and  in 
the  second  they  peaked  in  late  winter  (fig.  2).  On  a  scale  in  which 
the  monthly  average  for  the  year  equalled  100,  the  October  price 
index  was  109  for  1948-1957  and  the  February  index  was  107  for 
1958-1967. 

The  shift  in  seasonal  patterns  between  the  first  and  second 
periods  can  be  explained  by  a  major  change  in  the  lumber  industry. 
In  the  first  period,  the  bulk  of  the  lumber  was  cut  by  small,  portable 
sawmills  owned  and  operated  by  farmers.  The  high  fall  price  for 
stumpage  coincided  with  a  slack  time  in  farming  operations — and 
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Figure  2. — Average  seasonal  variation  in  pine  sawtimber  prices 
for  two  10-year  periods,  1948-1957  and  1958- 
1967,  South  Carolina. 

also  with  the  driest  weather  and  hence  the  best  logging  conditions. 
Further,  at  that  time  of  year  concentration  yards,  the  main  market 
for  rough  lumber  sawn  by  these  small  mills,  were  building  up  their 
inventories.  Hence,  stumpage  prices  rose  in  conjunction  with  the 
buying  activities  of  these  mills. 

By  the  second  period,  portable  sawmills  had  all  but  disappeared 
and  concentration  yards  with  them.  They  were  replaced  by  fewer, 
larger,  more  permanent  sawmills  operating  the  year  around.  Instead 
of  carrying  heavy  inventories  over  the  winter  and  into  the  spring, 
lumbermen  bought  and  cut  stumpage  to  fill  orders.  As  lumber  ship- 
ments increased  in  response  to  the  sharp  rise  in  housing  starts  that 
occurs  throughout  the  East  each  spring,  stumpage  purchases  also 
increased  and  prices  rose  accordingly. 

Factors  Influencing  Values  of  Individual  Tracts 

Variables  Tested 

The  variables  to  be  tested  as  price  determinants  were,  in  the 
main,  chosen  for  their  relevance  to  the  process  through  which  buyers 
and  sellers  set  a  value  on  timber. 

Traditionally,  informed  buyers  and  sellers  have  appraised  stand- 
ing timber  on  a  residual-value  basis.  Standard  appraisal  procedures, 
such  as  the  investment  and  overturn  methods,  incorporate  this  method 
of  value  determination.  In  making  the  calculations,  estimated  fixed 
r.nd  operating  costs,  plus  an  allowance  for  profit  and  risk,  are  de- 
ducted from  the  gross  income  that  the  product  will  bring.  The  margin 
that  remains  is  stumpage  value. 


In  determining  the  maximum  price  he  can  pay  for  stumpage, 
the  buyer  appraises  timber  in  terms  of  his  costs  and  returns.  The 
seller,  on  the  other  hand,  estimates  his  minimum  price  in  terms  of 
the  probable  costs  and  returns  an  average  operator  would  experience. 
He  proceeds  in  this  way  because  the  market  is  dominated  by  timber 
not  grown  under  management.  When  timber  from  managed  stands 
becomes  abundant,  the  average  total  cost  of  growing  a  unit  of  timber 
will  become  the  basis  for  establishing  the  seller's  reserve  price;  but 
at  present  stumpage  prices  are  unrelated  to  cost  of  production. 

In  addition  to  appraisal  procedures,  competition  among  buyers 
must  be  recognized  as  influencing  timber  prices.  Where  there  is 
competition,  the  buyer  must  not  only  meet  the  seller's  reserve  price 
but  must  also  offer  more  than  all  other  bidders.  Degree  of  competi- 
tion is  a  function  of  the  ratio  between  the  number  of  buyers  seeking 
timber  and  the  number  of  forest  owners  offering  timber  for  sale. 
It  is  indicated  by  the  number  of  bidders  for  each  tract. 

The  factors  impelling  buyer  and  seller  towards  a  mutually 
acceptable  price  can  be  grouped  as:  Prices  for  forest  products  and 
other  market  factors;  costs  of  logging  trees,  converting  them  into 
products,  and  delivering  these  to  the  market;  competition  among 
buyers  and  the  availability  of  alternative  tracts;  and  the  level  of 
sales  knowledge  and  experience  possessed  by  buyer  and  seller  and 
their  relative  bargaining  strengths.  Some  of  these  factors  are  quanti- 
fiable; others  are  not. 

The  principal  functions  expected  of  the  variables  chcsen  to  esti- 
mate price  were:  First,  to  remove  the  temporal  effects  (both  fluctu- 
ations and  trends )  and  also  the  spatial  effects  from  the  price  data. 
Then,  to  account  for  the  behavior  of  the  lumber  market.  Next,  to 
recognize  the  factors  that  determine  the  residual  value  of  the  timber, 
such  as  the  costs  of  harvesting  and  converting  the  trees  to  their 
final  product  and  shipping  to  market,  and  the  differential  value  of 
the  lumber  that  could  be  cut  from  the  trees.  Finally,  to  indicate  the 
degree  of  local  competition  for  timber.  Prior  research  (2)  had  made 
it  possible  to  restrict  the  number  of  variables  considered. 

Fifteen  factors  were  chosen  as  independent  variables  for  testing 
as  possible  price  determinants.  Of  these,  five  were  obtained  directly 
from  sales  records: 

V  =  total  volume  sold  (thousand  board  feet,  Scribner 
log  rule) 

A  =  number  of  acres  in  sale  area 

T  =  number  of  trees  sold 

B  =  number  of  bidders  making  offers  for  the  timber 

D  =  date  of  sale  (month  in  which  timber  was  sold, 
numbered  serially   from  January    1946   =   001). 


Seven  variables  were  generated  from  the  primary  data: 
D-  =  sale  date  squared 
V/A  =  average  volume  sold  per  acre 
V/T  =  average  volume  per  tree  sold 
T/A  =  average  number  of  trees  sold  per  acre 
V  X  V/A  =  interaction  between  total  volume  and  volume  per 
acre 
V/T  X  V/A  =  interaction  between  volume  per  tree  and  volume 

per  acre 
V/A  X  T/A  =  interaction  between  volume  per  acre  and  trees 

per  acre. 
The  remaining  factors  were: 

L  =  location  of  sale  (county  seat  for  county  in  which  sale 
took  place,  in  terms  of  distance  and  direction  to  State 
capital) 

PL  =  Bureau  of  Labor  Statistics  (BLS)  average  wholesale 
price  per  thousand  board  feet,  lumber  tally,  of  south- 
ern pine  No.  2  dimension  lumber 
VP-  =  Twelve-month  change  in  BLS  average  price  of  south- 
ern pine  No.  2  dimension  lumber  to  the  month  prior 
to  the  timber  sale. 

Locations  of  sales  were  measured  on  an  arbitrary  grid  super- 
imposed on  the  State.  East-west  and  north- south  coordinates  were 
spaced  at  10-mile  intervals,  and  the  zero  coordinates  passed  through 
Columbia,  the  State  capital,  at  the  point  where  latitude  34°00'  N. 
and  longitude  81° 00'  W.  intersect.  Since  the  records  located  the 
sales  only  by  county,  the  county  seats  were  arbitrarily  taken  as  the 
places  of  sale.  The  geographic  relations  of  the  seats  to  the  capital 
were  measured  on  the  grid — positively  to  the  north  and  east,  and 
negatively  to  the  south  and  west.  Negative  values  were  then  elim- 
inated by  adding  a  constant  of  200  miles  to  all  readings. 

Estimating  Equations 

Three  related  statistical-economic  models  were  set  up  to  identify 
the  price  determinants.  Stumpage  price,  which  was  taken  directly 
from  the  sales  records,  was  the  dependent  variable  in  two  of  the 
models.  It  was  identified  as  Ps  =  southern  pine  sawtimber  price 
(dollars  per  thousand  board  feet,  Scribner  rule).  These  two  models 
differed  only  in  that  one  included  the  number  of  bidders  as  an  inde- 
pendent variable.  In  the  third  model,  number  of  bidders  was  the 
dependent  variable. 

The  models  were  all  of  the  single-equation  form: 


Price  Model  I 

Ps    :  V,  T,  A,  B,  D,  D2,  V/T,  V/A,  T/A,  V  X  V/A,  V/T  X 
V/A,  V/A  X  T/A,  L,  PL  ,  VPL 

Price  Model  II 

Price  Model  I  with  number  of  bidders  (B)  excluded 
Competition  Model 

B  :  V,  T,  A,  D,  D->,  V/T,  V/A,  T/A,  V  X  V/A,  V/T  X  V/A, 
V/A  X  T/A,  L,  PL  ,  VPL 

The  multiple  regression  equation  for  each  model  was  fitted  in 
stepwise  procedure  by  the  method  of  least  squares.  The  analysis 
showed  that  seven  of  the  15  variables  were  significant  (0.05  level) 
in  price  equation  I,  nine  of  the  14  in  price  equation  II,  and  five  of 
the  14  in  the  competition  equation.  The  regression  coefficients  and 
constants  follow: 


Price 

Price 

Competition 

equation  I 

equation  II 

equation 

Total  volume 

0.00576 

Volume/acres 

0.36545 

.06276 

Volume  X  volume/acres 

.00194 

Volume/tree 

41.08726 

45.09411 

Volume          volume 
trees             acres 

—.62198 

—1.68615 

Bidders 

1.23129 

Location 

.00202 

.00211 

.00040 

Lumber  price 

.74701 

.85935 

Lumber  price  change 

.21760 

—.25293 

Date 

—.00804 

Date-' 

—.00008 

Constant 

—38.41731 

—43.54423 

2.63746 

The  coefficients  of  multiple  determination  (R2)  and  the  standard 
errors  of  estimate  (SE)  for  the  three  equations,  together  with  the 
means  (Y)  of  the  dependent  variables,  are: 

Equation  R2  Y^  SE 

Price  I  0.47  $36.92  $5.95 

Price  II  .44  $36.92  $6.12 

Competition  .24  2.89  bids       1.54  bids 

Factors  Related  to  Price 

Adjustments  for  lumber  prices  and  changes  in  the  prices  removed 
much  of  the  effect  of  temporal  variation  from  the  data  in  the  two 


price  equations.    And   spatial   variation   was   largely   eliminated   by 
adjustments  for  the  location  of  the  sale. 

Stumpage  prices  followed  about  the  same  pattern  over  time  as 
did  lumber  prices  (fig.  3),  but  fluctuated  more  (as  would  be  expected 
of  a  raw  material). 
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Figure  3. — Quarterly  average  prices  paid  for  pine  sawtimber 
stumpage  in  South  Carolina  and  BLS  quarterly 
average  wholesale  prices  for  southern  pine  No.  2 
dimension  lumber,  1948-1967. 

The  net  effect  of  lumber  market  activity  on  stumpage  price  is 
indicated  by  the  regression  coefficients  in  the  two  price  equations. 
For  each  dollar  advance  in  the  lumber  price  level,  stumpage  rose  75 
to  86  cents.  The  effect  was  dampened  by  the  direction  and  magnitude 
of  the  change  in  lumber  price  from  the  previous  year.  The  two  lumber 
price  variables  must  be  taken  together  in  evaluating  the  market's 
influence  on  stumpage. 

Even  within  this  single  State,  stumpage  prices  varied  geographi- 
cally. South  Carolina  is  shaped  roughly  like  an  inverted  triangle 
(fig.  4).  In  general,  prices  were  lowest  in  the  northwest  corner 
(Zone  1) — Piedmont — and  highest  in  the  northeast  corner  (Zone  4) — 
northern  Coastal  Plain.  The  positive  coefficients  for  the  location 
coordinates  obtained  in  the  price  equations  indicate  that  prices  tended 
to  rise  across  the  State  toward  the  east  and  south.  Price  variations 
over  his  limited  area  reflect  differences  in  forest  resources,  logging 
conditions,  and  markets. 
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Figure  4. — 

Pine  sawtimber  price 

zones    and    differential 

average    prices    in    each 

zone,  South  Carolina,  1948- 

1967. 


When  the  effect  of  temporal  and  spatial  variation  had  been 
removed  from  the  data  for  price  equation  I,  then  volume  per  tree, 
the  interaction  of  volume  per  tree  and  volume  per  acre,  and  number 
of  bidders  determined  the  price  paid  for  the  timber.  The  net  effect 
of  each  variable  was  examined  by  holding  the  other  variables  con- 
stant at  their  means. 

Tree  size,  measured  in  terms  of  volume  per  tree,  affects  har- 
vesting costs.  Logging  studies  have  shown  that  it  costs  less  per 
thousand  board  feet  to  harvest  a  large  tree  than  a  small  one.  Since 
stumpage  price  is  a  residual  value,  i.  e.,  lumber  price  minus  costs, 
increases  in  tree  size  should  influence  stumpage  price  by  lowering 
costs.  For  southern  pine,  tree  size  is  also  a  principal  indicator  of 
tree  quality.  Large  trees  yield  high-value  lumber.  In  the  presence 
of  the  variables  included  in  the  equation,  an  increase  of  100  board 
feet  in  the  average  volume  per  tree  increased  the  price  of  stumpage 
about  $4  per  thousand  board  feet  (fig.  5). 

As  expected,  competition  for  timber  exerted  a  strong  influence. 
Stumpage  price  increased  $1.23  per  thousand  board  feet  with  each 
additional  bidder  (fig.  5). 

When  number  of  bidders  was  excluded  as  a  price  determinant, 
all  of  the  variables  in  price  equation  I  reappeared  in  price  equation  II. 
Their  coefficients  had  the  same  signs  and  strikingly  similar  magna- 
tudes. 
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Figure  5. — Price  for  pine  sawtimber  stumpage  increases  with 
tree  size  and  degree  of  competition. 

Three  new  variables  appeared  in  price  equation  II.  They  were 
average  volume  per  acre,  total  volume  times  average  volume  per 
acre,  and  date  of  sale  squared.  The  first  two  are  cost  factors;  the 
last  is  a  time  element. 

When  average  volume  per  acre  appeared  in  price  equation  I  as 
an  interaction  with  average  volume  per  tree,  it  had  a  negative 
coefficient.  The  sign  for  this  variable  was  the  same  in  price  equation 
II.  But  when  volume  per  acre  appeared  by  itself  and  as  an  inter- 
action with  total  volume,  the  regression  coefficients  for  these  two 
variables  were  positive.  The  net  effect  of  an  increase  in  average 
volume  per  acre  was  to  increase  stumpage  price.  The  positive  rela- 
tionship of  volume  per  acre  to  stumpage  price  agrees  with  findings 
in  previous  studies  (3,  4). 

The  total  volume  of  timber  offered  for  sale  had  a  positive  but 
trivial  influence  on  stumpage  price  through  its  interaction  with 
average  volume  per  acre.  The  variable  contributes  something  to 
precision,  especially  where  volume  per  acre  is  high. 

Sale  date  squared  had  a  negative  coefficient  in  price  equation 
II.  This  indicates  that  stumpage  prices  declined  slowly  over  the  20- 
year  period.  The  net  effect  of  this  variable  was  hidden  by  a  rising 
lumber  market. 

It  was  hypothesized  that  the  three  variables  appearing  when 
bids  were  deleted  were  the  determinants  of  bids.  The  hypothesis 
was  tested  by  using  the  competition  equation;  and,  while  the  coeffi- 
cient of  multiple  determination  was  only  24  percent,  the  results  were 
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positive.  All  of  the  additional  variables  in  price  equation  II  appeared 
in  the  competition  equation,  although  not  in  exactly  the  same  form. 
Total  volume  of  timber  sold  was  in  both  equations,  as  was  average 
volume  per  acre.  In  the  price  equation,  these  variables  appeared 
as  an  interaction;  in  the  competition  equation  they  had  additive 
effects.  Both  variables  would  affect  the  number  of  bidders  through 
their  effect  on  the  profitability  of  harvesting. 

Date  of  sale  assumed  a  linear  form  in  the  price  equation  but  a 
quadratic  form  in  the  competition  equation.  The  negative  coefficient 
in  the  competition  equation  indicated  that  declining  stumpage  prices 
over  time  were  the  result  of  a  lessening  number  of  bidders. 

Coordinates  of  sale  location  appeared  in  all  three  equations.  The 
inference  is  that  stumpage  price  was  influenced  directly  by  the 
geographic  structure  of  prices  and  also  through  differences  in  the 
degree  of  local  competition  for  timber. 

Discussion  and  Conclusions 

The  estimating  equation  based  on  price  model  I,  which  included 
number  of  bidders,  was  the  simplest  since  it  contained  the  fewest 
independent  variables.  It  also  had  a  lower  standard  error  of  estimate 
than  the  other  price  equation  and  explained  more  of  the  variation. 
The  equation  is  consistent  with  our  theoretical  understanding  of 
price-making  factors,  and  with  earlier  research.  It  shows  that  saw- 
timber  price  is  influenced  by  harvesting  costs,  changes  in  the  lumber 
market,  degree  of  local  competition  for  timber,  and  geographic  struc- 
ture of  timber  prices. 

Equations  I  and  II  explained  nearly  half  of  the  price  variation. 
Sources  of  unexplained  variation  seem  reasonably  clear,  though  diffi- 
cult to  cope  with.  First,  the  adjustments  for  temporal  and  spatial 
effects  were  not  completely  effective.  Wholesale  lumber  prices  were 
imperfect  deflators  of  stumpage  price  to  one  point  in  time,  even  when 
date  of  sale  was  included  in  the  equation.  And,  while  it  was  prag- 
matically known  that  prices  varied  across  the  State,  the  pattern  was 
undefined.  Since  the  number  of  sales  is  limited  in  both  time  and 
place,  the  researcher  faces  a  dilemma:  If  he  collects  cross-sectional 
data  to  eliminate  the  time  effect,  he  enlarges  the  spatial  error;  on  the 
other  hand,  a  sample  independent  of  time  probably  could  be  obtained 
only  from  an  area  that  might  include  several  States. 

Other  sources  of  unexplained  variation  are  factors  that  were 
measured  imprecisely  or  not  at  all.  Among  these  were  location  of 
sales  within  counties,  distance  from  tract  to  nearest  sawmill,  condition 
of  road,  and  difficulty  of  the  logging  chance.    Finally,  considerable 
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variation  probably  arises  from  human  factors  that  cannot  readil; 
be  measured — e.g.,  the  buyer's  need  to  replenish  his  log  inventory 
the  seller's  need  for  money  and  his  knowledge  of  timber  values,  am 
the  bargaining  skills  of  both  parties. 

Although  price  equation  I  is  more  useful  for  describing  pric 
formulation,  price  equation  II  is  superior  for  purposes  of  predictioi 
because  it  contains  only  variables  that  are  known  prior  to  time  o 
sale.  Furthermore,  the  forest  manager  has  some  of  these  variable 
under  his  control. 

Obviously,  he  cannot  control  the  location  of  the  timber,  but  h 
can  often  decide  to  some  extent  the  time  of  year  when  he  sells  an< 
the  general  position  of  the  cyclical  price  curves.  In  marking  timber 
he  can  increase  the  total  volume  he  offers  for  sale,  the  average  volum 
per  acre,  and  the  volume  of  the  average  tree.  Frequently  some  o 
these  marking  objectives  are  in  conflict.  Price  equation  II  indicate 
that,  where  the  seller  has  a  choice  between  selling  larger  trees  an< 
selling  more  volume  by  making  heavier  cuts  per  acre,  it  is  better  ti 
aim  for  volume  per  tree. 
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INPUT-OUTPUT  ANALYSIS 

OF  THE 

SOUTHERN   FOREST  ECONOMY,   1963 

Harold  F.   Kaiser,  Jr. 


An  input-output  model  is  developed  to 
show  the  flow  of  goods  through  the  south- 
ern forest  economy.  Analysis  of  unpub- 
lished data  from  the  1963  Census  of  Man- 
ufactures indicates  that  primary  process- 
ing industries  produced  $5,126  million 
worth  of  output  while  purchasing  stump- 
age  costing  $335  million.  Secondary  pro- 
cessing industries  converted  a  portion  of 
this  output  into  products  worth  $3,365 
million.  Collectively,  forest-related  indus- 
tries paid  $2,181  million  in  wages  to  south- 
erners. 

Input-output  analysis  can  show  the  contribu- 
tion of  a  region's  forests  to  its  income  and  em- 
ployment. Estimates  so  derived  can  help  iden- 
tify Federal,  State,  and  local  interest  in  poten- 
tial forest  investments,  as  well  as  the  appropri- 
ate level  and  form  of  economic  incentives.  Pre- 
viously published  input-output  tables  are  of 
limited  value  for  southern  forests  because  for- 
estry is  usually  merged  with  agriculture  and 
fisheries,  and  the  scope  is  either  national  or  for 
regions  outside  the  South.   This  paper  presents 


a  forestry-oriented  model  implemented  with 
data  from  the   1963   Census  of  Manufactures. 

Input-output  tables  show  the  purchases  of 
each  sector  of  the  economy  from  all  other 
sectors  and  account  for  the  sales  of  each  sector 
to  all  others.  The  analysis  is  analogous  to 
double-entry  bookkeeping.  Outputs  from  one 
industry  are  inputs  for  others. 

This  form  of  analysis  was  originated  by 
Francois  Quesnay  in  1758  in  his  Tableau  Econ- 
omique,  which  stressed  the  interdependence 
of  farm  activities  (10).  Later,  Wassily  Leontief 
developed  a  modern  operational  theory  of  pro- 
duction based  on  economic  interdependence. 
In  1941,  he  published  the  first  empirical  input- 
output  study  of  the  American  economy  (9). 

Tables  for  the  American  economy  were  de- 
veloped by  the  U.  S.  Bureau  of  Labor  Statistics 
for  1947  and  by  the  U.  S.  Department  of  Com- 
merce, Office  of  Business  Economics,  National 
Economics  Division,  for  1958.  Recently,  input- 
output  studies  were  made  in  Clinton  County, 
Pennsylvania  (6,  7),  and  in  the  States  of  Utah 
(3),  Washington  (2),  and  Mississippi  (5). 


CASH-FLOW  MATRIX 


The  data  analyzed  in  this  paper  come  pri- 
marily from  previously  unpublished  regional 
tabulations  from  the  Census  of  Manufactures. 
These  statistics  are  categorized  according  to 
the  Standard  Industrial  Classification  (SIC) 
(4).  In  this  system,  reporting  units  are  estab- 
lishments rather  than  legal  entities  or  com- 
panies, and  each  establishment  is  classed  ac- 
|  cording  to  its  major  activity.   In  most  instances 


the  establishments  are  at  a  single  location  and 
are  predominantly  engaged  in  only  one  eco- 
nomic activity.  Where  a  single  location  en- 
compasses two  or  more  distinct  and  separate 
activities,  such  activities  are  treated  as  separ- 
ate establishments.  Production  from  establish- 
ments engaged  in  similar  activities  is  aggre- 
gated until  a  sufficient  value  is  obtained  to 
form  an  industry,  the  basic  unit  of  analysis. 


The  SIC  industries  selected  for  the  southern 
model  are  those  that  process  logs  and  bolts  and 
those  that  utilize  the  wood  products  of  these 
primary  processors.  Thirty-one  industries 
ranging  from  logging  contractors  to  manufac- 
turers of  sanitary  food  containers  were  in- 
cluded. The  industries  are  in  the  SIC  groups 
for  lumber  and  wood  products  (SIC  24),  furni- 
ture and  fixtures  (SIC  25),  and  paper  and  allied 
products  (  SIC  26  ) .  Products  manufactured  by 
these  industries  range  from  such  major  items 
as  lumber  and  kraft  paper  to  such  minor  items 
as  clothespins  and  toothpicks. 

From  the  selected  industries,  28  selling  and 
purchasing  classes  were  formed  for  the  south- 
ern-forest-products model.  These  classes  are 
defined  in  the  appendix.  The  major  modifica- 
tion of  the  SIC  classification  was  in  the  saw- 
mill and  planing-mill  category,  where  several 
industries  were  combined.  Production  from 
the  special-sawmill  and  hardwood-dimension 
industries  was  combined  with  production  from 
the  sawmill  and  planing-mill  industry.  Special- 
sawmill  output  was  merged  because  of  its 
relatively  low  sales  volume,  and  hardwood 
dimension  was  merged  because  over  half  of  the 
furniture  dimension  production  could  not  be 
accounted  for  by  recorded  purchases.  This 
underidentification  probably  arose  from  dif- 
ferences between  sawmills'  and  furniture  man- 
ufactures' classifications  for  dimension   stock. 

Manufacturers  of  wirebound  boxes  and  crates 
were  merged  with  producers  of  veneer  and  ply- 
wood containers  because  of  the  low  sales  vol- 
umes involved.  Production  from  pulpmills  was 
combined  with  that  of  papermills  to  avoid  dis- 
closure of  the  output  of  individual  firms.  The 
final  modification  was  the  division  of  logging 
contractors  into  harvesters  of  sawtimber  and 
veneer  logs  and  harvesters  of  pulpwood. 

A  special  feature  of  the  model  is  the  inclu- 
sion of  softwood  and  hardwood  stumpage-input 
classes.  Data  from  U.  S.  Department  of  Agri- 
culture, Forest  Service,'  was  used  to  divide 
Census  stumpage  values  into  hardwood  and 
softwood  categories.  The  selling  sectors  of 
sawmills  and  planing  mills  and  veneer  and 
plywood  plants  were  divided  into  softwood  and 
hardwood  categories  on  the  basis  of  price  infor- 
mation from  the  1963  Census  of  Manufactures 


USDA  Forest  Service.  Average  stumpage  values — sold  vol- 
ume (per  MBF) — sawtimber  and  pulpwood.  Reg.  8  Rep. 
Atlanta,  Ga.    1968. 


(13)  and  the  Department  of  Labor  (15).  To 
include  these  selling  categories  required  the 
construction  of  a  rectangular  industrial  matrix. 

Sectors  were  added  to  the  model  to  permit 
complete  analysis  of  cash  flows  through  the 
forest  products  economy.  Additional  selling 
categories  include  employment,  capital  expend- 
itures, and  other  inputs.  Purchasing  categories 
added  include  manufacturing  and  transporta- 
tion, construction  and  maintenance,  and  final 
consumer.  Inclusion  of  the  additional  selling 
and  purchasing  sectors  allows  double-entry 
bookkeeping  to  be  established  for  the  various 
product  sectors. 

INVERSION  OF  THE  MATRIX 

A  table  was  constructed  to  depict  direct  and 
indirect   effects   of   changes   in   final   demand. 
This  table  shows  how  the  outputs  in  the  imme- 
diate supplying  industries  and  all  related  indus 
tries  expand   when   one   industry's  demand   iss 
increased  by  one  exogenous  dollar.   This  dollarr 
might  come  from  households,  investors,  foreign 
buyers,    government    agencies,    or    any    other 
buyer   included    in    the    final-demand    sectors. 
If  the  final  demand  for  industry  A  increases 
by   $1,   for  example,   there   will   be  direct   in- 
creases in  purchases  from  A's  supplying  indus- 
tries, B  and  C.    In  addition,  when  industry  B« 
sells  more  of  its  output  to  industry  A,  B  needs  | 
more  products  from  its  own  supplying  indus- , 
tries.     The   process   continues   throughout    the 
economy.    Thus,   the  effects  are  analogous   to> 
ever-widening   circles   of  ripples   which   occur ; 
when  a  stone  is  thrown  into  a  pond. 

Although  a  power  series  can  be  used  to  ap-- 
proximate  the  magnitude  of  direct  and  indirect  j 
effects,  a  precise  value  can  be  found  through  j 
inversion  of  the  Leontief  matrix  by  electronic  I 
computer.    The  Leontief  matrix  is  the  differ- 
ence between  an  identity  matrix  and  the  direct- 
coefficient  matrix.    By  direct  coefficients,  we 
mean  the  percentages  of  an  industry's  total  costil 
attributed  to  each  of  its  supply  industries.    To  lj 
invert  the  matrix  of  the  forest  industries,  the  j 
rectangular  matrix  had  to  be  converted  to  a  J 
square   format.     Two   columns   of   zeros    were 
added  to  the  left  side  of  the  forest  products 
matrix  for  the  stumpage  sectors.    Since  stump- 
age sectors  do  not  purchase  from  other  forest 
products  industries,  the  entering  of  zeros  does 


not  influence  the  results.  The  columns  for  saw- 
mills and  planing  mills  and  veneer  and  ply- 
wood plants  were  divided  into  softwood  and 
hardwood  categories  on  the  basis  of  the  value 
of  production.  A  FORTRAN  IV  program  for 
finding  the  direct  and  indirect  effects  of 
changes  in  demand  is  available  on  request  from 
the   Southern   Forest   Experiment   Station. 

CRITIQUE  OF  THE  MODEL 

The  model  is  designed  to  organize  a  large 
amount  of  data  to  show  the  production  and 
distribution  characteristics  of  individual  forest 
industries  and  the  interrelationships  that  bind 
the  industries  together.  Thus,  it  is  an  instru- 
ment to  exhibit  and  analyze  the  economy. 

The  chief  problems  with  the  model  are  asso- 
ciated with  data  requirements.  Since  collection 
of  field  data  is  both  costly  and  time  consuming, 
implementation  of  the  model  depends  upon 
information  from  standard  statistical  sources. 
The  use  of  these  data  creates  problems,  how- 
ever. One  problem  arose  when  purchases  of 
a  product  exceeded  reported  output.  This 
underidentification  was  most  severe  in  the 
logging  sectors,  where  the  Census  had  not  fully 
taken  into  account  the  output  of  both  sawtim- 
ber  and  pulpwood  producers.  For  sawtimber 
contractors,  values  were  adjusted  upward  in 
proportion  to  the  cost  distribution  found  in  the 
Census.  Estimates  for  pulpwood  producers 
were  based  on  the  assumptions  that  the  work- 
ers in  1983  harvested  1.50  cords  of  softwood 
and  1.25  cords  of  hardwood  per  man-day  and 
were  paid  $1.15  per  hour. 

Another  problem  was  that  the  1963  Census 
often  aggregated  forest  products  that  ideally 
should  have  remained  separate.  One  example 
'occurred  in  the  class  for  other  wood  products 


(SIC  2499),  where  composition  board  was 
aggregated  with  wooden  pallets  and  skids. 
Overaggregation  reduces  the  descriptive  value 
of  the  model  and  can  lead  to  serious  errors  in 
forecasting. 

The  last  major  problem  caused  by  data  from 
standard  statistical  sources  is  that  created  by 
forest  products  shipped  into  the  South.  Ship- 
ments could  be  easily  handled  by  the  addition 
of  an  import  row  in  the  cash  flow  matrix. 
However,  the  information  concerning  ship- 
ments from  other  regions  and  foreign  countries 
to  the  South  is  inadequate.  The  primary  source 
of  statistics  is  the  1963  Census  of  Transporta- 
tion (14),  where  the  shipment  patterns  are 
shown  for  broad  commodity  groups.  While 
these  data  were  sufficient  for  rough  estimates 
of  the  percentages  of  products  consumed  re- 
gionally and  shipped  to  other  regions,  they 
were  inadequate  for  import  estimates.  Aban- 
donment of  the  import  sector  created  some 
overestimates  of  the  contribution  of  southern 
wood  products  to  local  industries. 

Several  simplifying  assumptions  are  inherent 
in  the  model:  (1)  The  economic  system  is  in 
equilibrium  at  the  given  price  level.  (  2 )  Each 
industry  makes  a  unique  set  of  products.  ( 3 ) 
Production  functions  are  linear  and  homo- 
geneous, and  the  factors  of  production  are 
utilized  in  fixed  proportions.  Although  these 
assumptions  do  not  limit  the  present  analysis, 
they  affect  the  development  of  parameters  for 
altering  the  model  over  time.  For  instance,  the 
direct  coefficients  are  based  on  assumption  (  3  ) , 
which  rules  out  both  internal  and  external 
economies  and  diseconomies  of  scale.  Further- 
more, it  does  not  allow  for  relative  price 
changes  over  time.  Thus,  the  coefficients  are 
not  responsive  to  conditions  that  are  likely  to 
cause  important  changes  in  the  economy. 


RESULTS 


The  South  produced  more  timber  products 
in  the  past  century  than  any  other  section  of 
the  United  States  (12).  The  forest  resource 
and  its  dependent  wood-using  industries  con- 
tinue to  contribute  greatly  to  the  southern 
economy.  In  terms  of  value  added  by  manu- 
facturing in   1933,"  paper  and   allied  products 


ranked  seventh  among  southern  industrial 
groups  ( fig.  1  ) .  Lumber  and  wood  products 
ranked  15th,  and  furniture  and  fixtures,  16th. 
Overall,  these  three  industrial  groups  ac- 
counted for  about  $1  of  every  $9.50  added  by 
manufacturing  in  the  South.  They  paid  $1  of 
every  $3.50  to  industrial  employees. 


J  Value  added  by  manufacturing  is  derived  by  subtracting  the  total  cost  of  materials  (including  supplies,  fuel,  electric  energy, 
cost  of  resales,  and  miscellaneous  receipts)  from  the  value  of  shipments  (including  resales)  and  other  receipts,  and  adding 
the  net   changes   in   finished   products   and   work-in-process   inventories  between  the  beginning  and  end  of  the  year. 


Chemicals  8  allied   products 
Food    8   kindred   products 
Textile    mill    products 
Transportation  equipment 
Primary    metal   industries 
Electrical    machinery 
Paper   8  allied    products 
Apparel  8  related  products 
Stone,  clay  8  glass  products 
Machinery  (except  electrical) 
Fabricated  metal  products 
Petroleum  8  coal  products 
Printing    and  publishing 
Tobacco   manufactures 
Lumber  8  wood   products 
Furniture  ond   fixtures 
Rubber  8  plastic  products 
Ordnance  8  accessories 
Leather   8  leather  products 
Instruments  8  related  products 


VALUE   ADDED 

cnnnn)  wages  paid 


3  4 

BILLIONS     OF    DOLLARS 


0  I  2 

Figure  1. — Value  added  and  wages  paid  by  southern  industry  groups,  1963. 


Table  1  shows  the  cash  flows  among  the 
wood-using  industries  contained  within  these 
three  industrial  groups.  Here  are  found  the 
1963  dollar  flows  of  goods  between  the  South's 
forests  and  final-demand  sectors.  Selling  sec- 
tors include  the  forest  products  input  industries 
( table  1,  rows  1-32  )  plus  categories  of  employ- 
ment, capital  expenditures,  and  other  inputs. 
Stumpage,  sawmills  and  planing  mills,  and  ve- 
neer and  plywood  industries  are  subdivided 
into  hardwood  and  softwood  classes.  Buying 
sectors  include  the  forest  industries  (table  1, 
columns  A-BB  > ,  as  well  as  final-demand  sectors 
(table  1,  columns  CC-HH).  Census  statistics 
(13,  14)  together  with  information  from  the 
U.  S.  Department  of  Agriculture  (8)  and  Lock- 
wood's  Directory  of  Paper  and  Allied  Trades 
til)  were  used  to  divide  output  among  final- 
demand  sectors.  The  Census  of  Transportation 
provides  regional  information  for  commodity 
groups  only;  thus,  the  figures  on  shipments 
within   the  South   and   to   other   regions   have 


been  deduced  from  national  patterns  for  indi- 
vidual industries. 

By  reading  down  any  column  in  table  1, 
one  learns  how  much  a  forest  products  industry 
or  final-demand  sector  purchased  from  eachi 
selling  sector.  Similarly,  each  row  shows 
where  an  industry's  output  went.  For  example, 
reading  down  column  P  for  paper-  and  pulp- 
mills  reveals  that  this  sector  purchased  $182.7 
million  of  pulpwood  from  producers,  $3.6  mil- 
lion of  hardwood  chips  and  $26.5  million  of  soft- 
wood chips  from  sawmills  and  planing  mills, 
and  S39.5  million  of  pulp  from  other  mills. 
Moreover,  paper-  and  pulpmills  paid  their  em- 
ployees S258.6  million  and  made  new  capital 
expenditures  of  $84.7  million,  while  other  in- 
puts totaled  $620.3  million.  The  gross  outlay 
was  $1,215.9  million.  On  the  output  side,  row 
20  shows  that  paper-  and  pulpmills  had  sales 
of  $39.5  million  to  other  papermills,  $25.2  mil-j 
lion  to  paperboard  mills,  SO. 5  million  to  build- 
ing-paper and  board  mills,  and  §27.1   million 


Table  2. — Total  direct  production  requirements  per  dollar  of  output,  southern  forest  products  economy,  196 
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35.7 

368.4         85.3 
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72.2 

258.6 
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28.3 
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45.3 

10.8 
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51.3 
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71  8 

34.0 

3,731.3 
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1.297  6 

111.6 

155.4 

51.9 

442.3 

91.4 

96.7 

179.5 

35.7 

455.4 

192.9 

72.2 

2,057.5   1,699.2 

1,039.4       295.3 

987.4 

650.6 

15,926.6 

Table  1. — Cash  flow  in  the  southern  forest  economy,  1963  (in  millions  of  dollars) 

Selling  sector  ' 

Forest  industries ' 

>  Logging  contractors 
t°  Pulpwood  producers 

O  Sawmills  and  planing  mills 
0  Veneer  and  plywood  plants 
W  Millwork  plants 

*j  Prefabricated  wood  products 
O  Nailed  wooden  boxes 
tt  Other  wooden  containers 

"  Wood  preserving 

^  Other  wood  products 

Pi  Nonupholstered  wood  furniture 

F  Upholstered  wood  furniture 
g  Wood  office  furniture 
Z  Public  building  furniture 

O  Wood  partitions  and  fixtures 

iardwood  stumpage                                                  ( 1 ) 

Softwood  stumpage                                                    (2) 

Logging  contractors                                                   (3) 

[Pulpwood  producers                                                  (4) 

35.1           7.4 
56.1         74.6 

55.0           2.6 
94.4             .1 
167.7         385           1.7 

09           16         10.3 

38.0 

9.9 

ipawmills  and  planing,  hardwood                           (5) 
(sawmills  and  planing,  softwood                            (6) 
Iweneer  and  plywood,  hardwood                              (7) 
Iveneer  and  plywood,  softwood                              (8) 

130.3           4.6         14.8 

83.4                        51.3 

53.1         25.2 

.9           4.2 

1.3         11.9           8.4 
18.0           46           2.6 

7.2 
3  2             .4 

10.0         25.1       145.5 

12  1         100           7.1 

78.3 

2.6 

28.4           2.7           6.1 
1.3                             .6 

.9           3.0 
.5 

2.2 

1.0 
4.7 
2.0 

BWillwork  plants                                                          (9) 
(prefabricated  wood  products                                (10) 
■Nailed  wooden  boxes                                              (11) 

: 
'•I 

Ibther  wooden  containers                                        (12) 
Wood  preserving                                                           (13) 
Ipther  wood  products                                               (14) 

12.7 

.1           1.8 

1.9 

pJonupholstered  wood  furniture                           (15) 

Bjpholstered  wood  furniture                                  (16) 

■Vood   office  furniture                                                (17) 

19 

24.5 

If'ublic  building  furniture                                          (18) 
ijVood  partitions  and  fixtures                                 (19) 
J>aper-  and  pulpmills,  except  building  paper     (20) 

>  Paperboard  mills                                                      (21) 

ISuilding  paper  and  board  mills                            (22) 

'aper  coating  and  glazing                                        (23) 

Envelopes                                                                   (24) 
l.iags,  except  textile                                                     (25) 
fcanitary  paper  products                                         (26) 

" 

Converted  paper  products                                      (27) 
■folding  paperboard  boxes                                     (28) 
liet-up  paperboard  boxes                                        (29) 

•  Corrugated  shipping  containers                            (30) 
fc.;anitary  food  containers                                        (31) 
t  'iber  cans,  tubes,  and  drums                                 (32) 

.5           1.1 

.1 

1  Employment                                                               (33) 
-apital  expenditures                                                   (34) 
)ther  inputs                                                              (35) 

64.3       180.9 
26.2         35.0 
77.5       149.8 

345.9         59.4         67.2 

84.5           8.8           4.8 

388.1         62.9       123.7 

19.8         15.7         32.3 

2.1           1.1           1.4 

55.5         15.6         42.1 

26.9         63.9      2770 

3.6         11.9         411 

60.7         98.7       395.8 

128.4           6.8         20.8 

17.3             .6           1.5 

269.8         14.9         34.5 

21.6 
1.4 
28.4    J 

I   Total                                                                        (36) 

259.2      447.7 

1,349.3       230.9      292.9 

100.8         50.9       104.8 

151.3       219.5      962.0 

469.7         26.5         69.9 

63.3   1.. 

A  complete  description  of  all  the  forest  product  industries  and  their  corresponding  SIC  numbers  can  be  found  in  Appendix 


r.o  paper  coating   and   glazing   establishments. 
The  total  sales  equal  the  total  outlay  of  $1,215.9 
Tiillion,  as  the  double-entry  method  requires. 
General  observations  from  table  1   are  that 
ndustries    relying    heavily    upon    the    South's 
•'orests  contributed   $2,180.6  million  in   wages 
to  the  southern  economy  and  invested  $492.2 
nillion.    Large  contributors  to  regional  pros- 
perity   included    sawmills    and    planing    mills, 
lonupholstered    wood    furniture    plants,    and 
paper,  pulp,  and  paperboard  mills. 

A  word  of  warning — the  total  product  ($15,- 
)26.6  million)  from  the  input-output  table  can- 
lot  be  compared  with  the  contribution  of  the 
;outhern  forest  economy  to  Gross  National 
Product    (GNP).    In  computing  GNP,   efforts 


are  made  to  eliminate  double  counting,  while 
input-output  analysis  deliberately  compounds 
all  intermediate  transactions  through  which 
goods  or  services  pass  on  the  way  to  the  final 
consumer.  The  difference  is  in  objectives.  In 
national  income  analysis  the  aim  is  to  measure 
the  final  value  of  goods  and  services  produced. 
Input-output  analysis  strives  to  account  for 
all  transactions  to  give  insight  into  the  struc- 
ture and  operation  of  the  economy. 

The  statistics  in  table  1  have  been  converted 
to  percentages  in  table  2  to  depict  the  propor- 
tion of  an  industry's  total  cost  attributable  to 
each  of  its  supplying  industries.  While  table  1 
can  be  totaled  in  two  directions,  table  2  values 
must   be   read   down   only.     For   example,    by 
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reading  down  column  P,  we  find  that,  for  each 
dollar  of  production,  paper-  and  pulpmills  pay 
$0.1503  to  pulpwood  producers,  §0.0030  to  hard- 
wood sawmills,  SO. 0218  to  softwood  mills,  and 
$0.0325  to  other  paper-  and  pulpmills.  Also, 
paper-  and  pulpmills  spend  $0.2127  in  wages, 
$0.0697  in  capital  expenditures,  and  $0.5100 
for  other  inputs.  A  comparison  of  the  various 
sectors  shows  that  the  sanitary-paper-products 
industry  (column  V)  is  the  least  labor  inten- 
sive, spending  only  $0.0886  on  employment, 
while  pulpwood  production  (column  B),  the 
most  labor-intensive  sector,  spends  $0.4041  on 
employment. 


Table  3  shows  the  direct  and  indirect  effects  | 
on  the  southern  forest  economy  of  one  exoge- 
nous dollar  added  to  any  of  the  processing  sec- 
tors. Again,  values  are  read  only  down  the 
columns.  For  example,  if  the  demand  for  enve- 
lopes (column  T)  increases  SI,  there  are  asso- 
ciated demands  of  $0.0011  for  hardwood 
stumpage,  $0.0099  for  softwood  stumpage, 
$0.0012  for  logging  contractors,  $0.0506  for 
pulpwood  producers,  SO. 0012  for  hardwood 
sawmills,  $0.0084  for  softwood  sawmills,  and 
SO. 3366  for  paper-  and  pulpmills.  Thus,  the 
overall  total  from  direct  and  indirect  effects 
is  $1.4090  within  the  forest  economy.    The  in- 


Table  4. — Cash   flow   in   the   South   Atlantic   forest   products  economy,  1963  (in  millions  of  dollars) 
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Table  3. — Total  direct  and  indirect  production  requirements  per  dollar  of  final  demand,  southern  forest  products  economy,  1963 


VI 

u 

o 
a 

co 
h 

C 
O 
O 

OS 

a 

"3> 
bs 

o 

J 

w 

u 
V 

o 
3 
T3 
O 
u 

a 

13 
O 
O 

is 

a 

3 
0, 

61 

a 
c 

co 

a 
■v 
c 

r2   O 

co  a 

wi 
a 

c 

CO 

a 
■a 

c 

CO 

«j  73 

—•  o 
c    ° 

H 

5  o 

W    v) 

73 

o 
o 

•s 

•u 
u 

CO 
Si 

■v 
o 
o 

a 

73 

c 

CO 

~ 

V 
OJ 
C 
Ol 
> 

■a 
o 
o 

js 

o 

vi 

■6 
o 
o 

a 
73 

c 

CO 

u 

Hi 
HI 

c 

> 

w 

C 
CO 

o 

_| 

1 

to 

o 
3 

■a 

o 
u 
a 

73 
O 
O 

•s 

■a 

01 
CO 

o 
u 
-Q 
CO 

MH 
01 

u 

a, 

vt 

0) 

X 

o 

.Q 

c 

01 

•o 
o 
o 

■s 

73 

Ol 
CO 

iz; 

VI 

U 

c 

CO 

C 

o 
o 

c 

Ol 
73 
O 
O 

u 

Ol 

.C 

O 

a 

> 

u 

Oi 

V) 

Ol 

a 

73 

o 

O 

j 

3 
1        ] 

73 
O 

°-        \ 

73         *1 

I  ;■' 

Ol 

■C      I 

O      * 

A 

B 

CI 

C2 

Dl 

D2 

E 

F 

G 

H 

I 

J       I 

lardwood  stumpage 

(1) 

0.1354 

0.0165 

0.1208 

0.0192 

0.0491 

0.0241 

0.0148 

0.0070 

0.0344 

0.0275 

0.0443 

0.0154  | 

loftwood  stumpage 

(2) 

.2164 

.1666 

.0333 

.1920 

.0487 

.0463 

.0414 

.0381 

.0323 

.0331 

.0721 

.0201  .. 
.0240  ) 

hogging  contractors 

(3) 

1.0000 

.1536 

.1421 

.2250 

.1783 

.0604 

.0419 

.0816 

.1344 

.2737 

'ulpwood  producers 

(4) 

1.0000 

.0451  j 

lawmills  and  planing,  hardwood 

(5) 

1.2369 

.0347 

.0655 

.0160 

.2892 

.1015 

.0899 

.1414 

jawmills  and  planing,  softwood 

(6) 

1.1424 

.2001 

.2040 

.1032 

.0283 

.0914 

.0520   - 

feneer  and  plywood,  hardwood 

(7) 

1.3238 

.1139 

.0909 

5 

4 
W 

l^eneer  and  plywood,  softwood 

(8) 

1.0698 

.0153 

.0340 

.0084 

lillwork  plants 

(9) 

1.0000 

7 

'refabricated  wood  products 

(10) 

1.0000 

l- 

Jailed  wooden  boxes 

(11) 

1.0000 

)ther  wooden  containers 

(12) 

1.0000 

Vood  preserving 

(13) 

1.0000 

Hher  wood  products 

(14) 

1.0000 

fonupholstered  wood  furniture 

(15) 

1 

1 

ifpholstered  wood  furniture 
l/ood  office  furniture 

(16) 
(17) 

I 

2 

fublic  building  furniture 

(18) 

t 

/ood  partitions  and  fixtures 

(19) 

aper-  and  pulpmills,  except  building  paper 

(20) 

I 
J, 

aperboard  mills 

(21) 

\ 

■uilding  paper  and  board  mills 

(22) 

— 

aper  coating  and  glazing 

(23) 

1 

'nvelopes 

(24) 

v 

rags,  except  textile 

(25) 

anitary  paper  products 

(26) 

onverted  paper  products 

(27) 

olding  paperboard  boxes 

(28) 

14 

et-up  paperboard  boxes 

(29) 

h 

orrugated  shipping  containers 

(30) 

i 

anitary  food  containers 

(31) 

3 

iber  cans,  tubes,  and  drums 

(32) 

'""* 

;  Total 

(33) 

1.3518 

1.1831 

1.5446 

1.4957 

1.6813 

1.3185 

1.5114 

1.3410 

1.5491 

1.4157 

1.5714 

1.2980 

'ome  multiplier  for  the  entire  economy  would, 
»f  course,  be  much  larger. 

While  some  forest  industries  have  a  large 
nfluence  on  demand,  others  have  little.  The 
lighest  total  direct  and  indirect  value  found 
n  table  3  is  for  corrugated  shipping  containers 
$1.7679);  the  lowest  is  for  building  paper 
$1.0741).  Forest  industries  also  vary  in  the 
lumber  of  sectors  they  affect.  For  example, 
mblic-building  furniture  influences  the  de- 
nand  in  12  wood-processing  sectors,  while  the 
ector  for  hardwood  sawmills  and  planing  mills 
jnly  influences  four  categories. 


Tables  4,  5,  and  6  are  similar  to  table  1  but 
show  the  cash  flows  for  the  three  subregions 
of  the  South  ( fig.  2 ) .  Cash  flows  in  the  South 
Atlantic  region  ( Maryland,  Delaware,  Virgin- 
ia, West  Virginia,  North  Carolina,  South  Caro- 
lina, Georgia,  and  Florida)  are  in  table  4. 
Those  in  the  East  South  Central  (Kentucky, 
Tennessee,  Alabama,  and  Mississippi )  are  in 
table  5,  and  those  in  the  West  South  Central 
(Arkansas,  Louisiana,  Oklahoma,  and  Texas) 
are  in  table  6.  While  analysis  by  State  would 
be  advantageous  for  some  purposes,  disclosure 
of  production  of  individual  firms  would  result. 
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Figure  2. — Subregions  of  the  South. 
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Table  6. — Cash  flow  in  the  West  South  Central  forest  products  economy,  1963  (in  millions  of  dollars) 
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Public  building  furniture 
Wood  partitions  and  fixtures 


(16) 
(17) 
(18) 


Paper-  and  pulpmills,  except  building  paper       (19) 
Paperboard  mills  (20) 

Envelopes  (21) 


Bags,  except  textile 
Converted  paper  products 
Folding  paperboard  boxes 


(22) 
(23) 
(24) 


Corrugated  shipping  containers 
Sanitary  food  containers 
Fiber  cans,  tubes,  and  drums 


(25) 
(26) 
(27) 


Employment 
Capital  expenditures 
Other  inputs 


(28) 
(29) 
(30) 


11.8 

4.8 

20.8 


36.1 

7.1 

23.6 


102.9 

16.4 

129.3 


3.3 

11.0 


24.4 

2.3 

45.6 


4.8 

.4 

12.4 


3.5 

.2 

3.5 


5.0 

.3 

6.9 


7.7 

1.1 

19.7 


11.3 

1.3 

16.7 


26.4 

3.4 

39.1 


Total 


(31) 


53.7 


79.0 


375.4 


26.2       109.1 


22.8 


11.1 


16.9 


448 


41.9 


96.3 


Purchasing  sector 


Final  demand 
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65.4 

26.8 

1.3 

96.5 

0.2 

1.1 

.1 

16.9         67.4 

22.1         33.8 

261.6 

.1 

4.9 

1.7 

2.8           4.3 

36.4         55  5 

149.7 

.4 

2.2         15.8 

48.4 

.2 

2.0 

20.4         31.1 

51.5 

20.8           2.8 

23.6 

7.8           7.4 

15.2 

14.9         14.3 

29.2 

2.0           1.9 

16.9         16.3 

37.1 

.2 

25.2         24.2 

14.5         14.0 

15.1 

14.6 

110.9 

2.8         12.4 

4.5         19.5 

24.2 

105.7 

169.1 

1.0 

22.0 
1.6 

96.1 
6.8 

128.5 
8.4 

1.9 

8.5 

10.4 

19.2 

2.3 

2.3 

51.9 

6.3 

0.4 

0.7 

0.1 

0.2 

25.8      297.5 

406.7 

1.6 

7.2 

3.0 

45.6 

8.6 

1.0 

53.7 

120.7 

4.1 

2.3 

6.4 

29.7         60.5 

90.2 

2.8          2.9 

10.5 

11.1 

27.3 

8.9           6.4 

15.3 

4.9           3.6 

8.5 

47.5         34.4 

82.0 

10.5           7.6 

1.0 

.7 

19.8 

7.3           4.8 

12.1 

2.9 

34.8 

20.2 

1.7 

21.6 

5.4 

3.3 

2.4 

17.3 

3.4 

2.4 

501.9 

.2 

25.6 

4.1 

.1 

1.5 

.4 

.4 

.3 

1.6 

.9 

.5 

111.1 

6.2 

205.7 

65.5 

2.3 

15.2 

13.6 

3.5 

2.1 

17.5 

6.8 

8.0 

777.6 

10.4 

406.7 

120.7 

6.4 

90.2 

27.3 

15.3 

8.5 

82.0 

19.8 

12.1 

214.3      619.1 

135.6       173.0 

80.4 

245.8 

3,472.1 

Table  5. — Cash  flow  in  the  East  South  Central  forest  products  economy,  1963  (in  millions  of  dollars) 
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A 

B 

C 

D 

E 

F 

G 

H 

I 

J 

K 

L            I 

Hardwood  stumpage 

(1) 

12.3 

2.8 

15.0 

0.5 

Softwood  stumpage 

(2) 

16.0 

11.3 

19.7 

Logging  contractors 

(3) 

51.3 

10.6 

0.3 

0.2 

0.3 

1.1 

9.0 

Pulpwood  producers 

(4) 

3.0 

Sawmills  and  planing,  hardwood 

(5) 

56.3 

.4 

4.2 

3.4 

3.5 

3.8 

11.7 

27.7 

8.0          1 

Sawmills  and  planing,  softwood 

(6) 

24.9 

6.5 

3.3 

1.2 

.8 

2.8 

1.9 

2.1 

.5 

Veneer  and  plywood,  hardwood 

(7) 

11.6 

3.2 

2.5 

12.3 

Veneer  and  plywood,  softwood 

(8) 

.3 

.6 

.4 

.1 

.3 

Millwork  plants 

(9) 

Prefabricated  wood  products 

(10) 

Nailed  wooden  boxes 

(11) 

Other  wooden  containers 

(12) 

Wood  preserving 

(13) 

Other  wood  products 

(14) 

3.0 

Nonupholstered  wood  furniture 

(15) 

Upholstered  wood  furniture 

(16) 

.3 

9.1 

Public  building  furniture 

(17) 

Wood  partitions  and  fixtures 

(18) 

Paper-  and  pulpmills,  except  building  paper 

(19) 

Paperboard  mills 

(20) 

Envelopes 

(21) 

Bags,  except  textile 

(22) 

Converted  paper  products 

(23) 

Folding  paperboard  boxes 

(24) 

Set-up  paperboard  boxes 

(25) 

Corrugated  shipping  containers 

(26) 

Sanitary  food  containers 

(27) 

Fiber  cans,  tubes,  and  drums 

(28) 

Employment 

(29) 

17.6 

41.4 

104.5 

12.1 

12.4 

3.8 

4.8 

7.9 

6.0 

34.6 

54.7 

34.0           i 

Capital  expenditures 

(30) 

7.4 

7.1 

38.3 

1.0 

.6 

.3 

.3 

.2 

.6 

8.0 

7.5 

4.0 

Other  inputs 

(31) 

19.5 

33.9 

101.3 

13.9 

23.7 

15.6 

5.1 

13.2 

149 

51.7 

61.2 

72.9           < 

Total 

(32) 

72.8 

96.5 

411.3 

50.4 

51  5 

23.6 

15.2 

29.2 

37.1 

110.9 

169.1 

128.5 
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18.8        10.0 

178.5 

.1 

.4 

1.3 

.3 

.1 

1.3 

.4 

9.8 

93 

6.5          3.5 
.2 

78.8        42.1 

196.9 

22.3 

3.9 

71.1        38.0 

109.1 

20.1          2.7 

22.8 

7.2          3.9 

11.1 

10.9          6.0 

16.9 

3.1           1.6 

26.1         14.0 

44.8 

1.5 

.6 

11.7          6.1 
3.9          4.8 

6.6          3.6 
6.1           7.6 

6.9 
33.1 

3.8 
40.8 

41.9 
96.3 

2.3 

.9 

28.7 

10.8 

8.1 

32.0 
25.5 
12.2 

64.1 
36.3 
20.3 

8.1 

5.6 

4.3 

67.9 
.3 

6.3 
.3 

0.1 
17.3 

0.1 
74.3 

0.3 
19.3 

0.2 
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32.0      124.6 
2.4      172.3 

8.9 

5.0 
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13.9 

41.4        84.2 
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3.5          3.6 

13.2 
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34.1 

23.2         16.8 

40.0 

.7 

72.7  52.7 

25.8  18.6 
6.7          5.4 
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44.4 
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7.9 

10.0 

6.8 

57.2 
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4.1 

24.1 

6.4 

9.1 

24.5 

5.8 

1.8 

461.2 

2.0 

.9 

.3 

28.6 

16.4 

1.0 

2.7 

.8 

.8 

3.3 

1.5 

.6 

99.5 

6.7 

19.5 

10.4 

113.0 

160.5 

4.5 

30.6 

20.3 

12.7 

23.9 

17.5 

7.1 

785.3 

4.1 

36.3 

20.3 

249.5 

288.6 

13.9 

125.6 

34.1 

40.0 

126.1 

44.4 

12.1 

278.1      556.4 

227.6      118.0 

109.7 

133.1 

3,351.5 
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SOLID  WOOD  INDUSTRIES 

The  wood  products  industries  (table  1,  col- 
umns C-J)  produced  $2,500.4  million  worth 
of  materials  from  stumpage  costing  $243.3  mil- 
lion. In  turn,  southern  furniture  manufactur- 
ers relying  primarily  on  these  materials  ( table 
1,  columns  K-O )  manufactured  goods  worth 
$1,591.4  million.  Collectively,  the  wood  prod- 
ucts and  furniture  industries  contributed  $1,- 
085.7  million  in  wages  to  the  southern  economy 
and  invested  $180.1  million. 

Lumber  and  Veneer 

Sawmills  and  planing  mills  (table  1,  column 
C )  led  all  forest-related  sectors  in  the  value 
of  shipments.  The  South's  7,000  mills  marketed 
$1,349.3  million  worth  of  material — 32  percent 
of  the  Nation's  total.  Sawmills  and  planing 
mills  also  led  the  other  sectors  in  wages  paid. 
They   paid   121,083   employees   $345.9   million. 

Wood  inputs  for  sawmills  and  planing  mills 
totaled  $535.8  million  or  $0.3935  per  dollar  of 
output,  compared  to  the  national  average  of 
$0.4027.  Mills  purchased  $55.0  million  worth 
of  hardwood  stumpage  and  $94.4  million  worth 
of  softwood  stumpage.  They  also  paid  logging 
contractors  $167.7  million  for  delivering  logs 
to  the  mills  and  harvesting  stumpage  owned 
by  the  mills.  The  remainder  of  the  wood  cost, 
$213.7  million,  was  for  the  purchase  of  lumber 
that  was  resawn  or  surfaced.    Over  4  billion 


board  feet  or  one-third  of  the  lumber  produced 
in  the  South  was  further  processed  by  other 
southern  mills. 

Hardwood  lumber  and  chips  worth  $267.8 
million  were  sold  to  southern  forest-related 
industries.  The  major  customers  were  manu- 
facturers of  nonupholstered  wood  furniture. 
Softwood  lumber  and  chips  worth  $166.9  mil- 
lion was  sold  to  southern  forest  industries.  In 
addition,  $387.2  million  worth  of  softwood  lum- 
ber was  sold  to  the  construction  industry. 

More  workers  per  unit  of  output  were  em- 
ployed in  southern  sawmills  than  in  those  of 
other  regions.  Although  the  South  accounted 
for  one-third  of  the  production  and  value 
added  in  the  United  States,  it  employed  half 
the  workers  ( table  7 ) .  Southern  mills  aver- 
aged $11,144  output  per  employee,  compared 
to  the  national  norm  of  $14,828.  Differential 
regional  wage  rates,  however,  give  the  South 
a  competitive  advantage.  The  wage  bill  per 
dollar  of  output  for  southern  mills  is  $0.2564 
compared  to  a  national  average  of  $0.2604. 
The  data  suggest,  however,  that  the  South  is 
more  vulnerable  to  rising  wage  rates  than  other 
major  forest  regions. 

A  change  of  $1  in  demand  for  lumber  prod- 
ucts would  elicit  a  $0.5446  response  in  the  hard- 
wood sector  and  a  $0.4957  in  the  softwood 
sector.  Over  half  of  the  impact  would  occur 
in  the  stumpage  and  logging  sectors. 


Table  7. — The   United   States  and   southern   wood   products  industries,  by  primary  product  class,  1963  ' 


United  States 

South 

Primary  product  class 

Establishments 

Em- 
ployees 

Value 
added  by 
manu- 
facture 

Establishments 

Em- 
ployees 

Value 

added  by 
manu- 
facture 

Total 

With  20  + 
employees 

Total 

With  20  + 
employees 

—  Numbei 



M  dollars 



-  -  Number 



M  dollars 

Sawmills  and  planing 

mills 

13,372 

2,575 

242,657 

1,572,518 

7,187 

1,397 

121,083 

503,304 

Veneer  and  plywood 

plants 

641 

503 

66,155 

559,211 

255 

204 

17,288 

95,899 

Millwork  plants 

3,770 

748 

65,283 

524,041 

1,011 

202 

17,100 

113,555 

Prefabricated  wood 

products 

559 

203 

15,806 

156,593 

162 

58 

4,866 

38,183 

Nailed  wooden  boxes 

663 

183 

14,483 

85,046 

139 

53 

5,007 

24,834 

Other  wooden  containers 

216 

114 

13,846 

71,692 

100 

70 

10,607 

52,990 

Wood  preserving 

388 

157 

11,178 

93,265 

206 

88 

7,270 

56,006 

Other  wood  products 

2.896 

702 

57,981 

420,283 

617 

178 

16,699 

119,156 

Total 

22,455 

5,185 

487,389 

3,432,649 

9,677 

2,250 

199,920 

1,003,927 

1  Source  (13). 


11 


Regionally,  the  South  Atlantic  area  led  in 
the  production  of  sawmill  and  planing  mill 
products.  South  Atlantic  mills  accounted  for 
42  percent  of  the  value  of  shipments;  East 
South  Central,  28  percent;  and  West  South 
Central,  30  percent.  South  Atlantic  mills 
ranked  first  in  softwood  production,  while  East 
South  Central  mills  led  in  hardwood  produc- 
tion. 

Other  major  primary  products  are  veneer 
and  plywood.  Plants  throughout  the  South 
produced  $230.9  million  worth  of  veneer  and 
plywood  or  16  percent  of  national  shipments. 
Southern  production  was  mainly  hardwood. 
The  South  Atlantic  area  produced  67  percent 
of  the  southern  output  ( table  4 ) ;  East  South 
Central,  22  percent  (table  5);  and  West  South 
Central,  11  percent  (table  6). 

Wood  costs  for  veneer  and  plywood  plants 
totaled  $99.8  million  or  $0.4300  per  dollar  of 
output.  Plants  purchased  $2.7  million  of  stump- 
age  while  they  paid  logging  contractors  $38.5 
million.  Thus,  veneer  and  plywood  plants  tend 
to  rely  on  logging  contractors  more  for  their 
timber  supply  than  do  sawmills.  Plants  also 
purchased  $4.6  million  worth  of  lumber  from 
sawmills.  This  material  is  used  as  core  stock 
in  products  which  are  sold  mainly  to  furniture 
manufacturers.  The  remainder  of  the  wood 
cost,  $54.0  million,  was  for  veneer  utilized  by 
plywood  establishments.  Plywood  plants  pur- 
chased 1,474  million  square  feet  (surface  meas- 
ure) of  hardwood  veneer  and  5  million  square 
feet  ( 1  inch  base )  of  softwood  veneer. 

The  major  structural  difference  between  the 
sawmill  sector  and  the  veneer  and  plywood 
sector  is  the  size  of  establishment.  Four-fifths 
of  the  sawmills  had  less  than  20  employees, 
while  only  one-fifth  of  the  veneer  and  plywood 
plants  had  less  than  20  employees  ( table  7 ) . 
Southern  veneer  and  plywood  plants  were 
similar  to  sawmills  in  that  they  employed  a 
larger  number  of  workers  per  unit  of  output 
than  plants  elsewhere  in  the  Nation.  Southern 
plants  employed  26  percent  of  the  workers  but 
accounted  for  only  16  percent  of  the  sales 
volume. 

Wood  Products 

The  southern  wood  products  industries  are 
an  important  market  for  lumber  and  veneer. 
Secondary   forest   industries,   excluding   furni- 


ture plants,  produced  $920.2  million  of  output 
from  $273.2  million  of  wood  inputs  (table  1, 
columns  E-J).  This  output  is  21  percent  of 
the  national  total  from  such  firms.  The  leading 
wood  product  sector  is  millwork  plants. 

Of  the  various  wood  inputs,  lumber  was  most 
important.  Wood  products  firms  purchased 
$98.6  million  of  softwood  lumber  and  $71.5 
million  of  hardwood.  Millwork  plants  led  in 
the  purchase  of  softwood  lumber,  while  manu- 
facturers of  other  wood  products  led  in  the 
purchase  of  hardwood.  Forest  products  firms 
also  purchased  $62.9  million  worth  of  logs  and 
chips  and  $40.2  million  of  plywood  and  veneer. 

Wood  products  industries  employed  61,549 
individuals  in  southern  communities  and  payed 
$225.8  million  in  wages.  As  with  the  sawmill 
and  veneer  industries,  southern  wood  products 
industries  generally  employed  more  individuals 
per  unit  of  output  than  similar  industries  else- 
where in  the  Nation.  But  because  of  the  dif- 
ferential in  regional  wage  rates,  the  wage  bill 
per  dollar  of  output  was  less  in  the  South  than 
in  other  areas. 

All  primary  wood-input  sectors  would  be 
affected  by  a  change  in  demand  for  wood 
products.  However,  the  sector  most  influenced 
by  a  change  in  demand  is  sawmills  and  planing 
mills.  For  example,  if  the  demand  for  pre- 
fabricated wood  products  increases  $1,  there 
are  indirect-demand  increases  of  $0.0451  for 
stumpage,  $0.0419  for  logging  contractors, 
$0.2200  for  sawmills,  and  $0.0340  for  veneer 
and  plywood  plants.  Thus,  the  overall  total 
from  direct  and  indirect  effects  is  $1.3410. 

Among  regions  of  the  South,  the  South  At- 
lantic area  led  in  production  of  wood  products. 
This  region  accounted  for  44  percent  of  the 
output;  East  South  Central,  29  percent;  and 
West  South  Central,  27  percent. 

Furniture 

The  area's  furniture  industry  is  another  ma- 
jor market  for  southern  lumber  and  veneer. 
In  1963,  southern  firms  accounted  for  43  per- 
cent of  the  value  added  by  wood-furniture 
manufacturers  in  the  Nation,  while  providing 
121,741  employees  $454.6  million  in  wages 
(table  8).  Southern  furniture  firms  (table  1, 
columns  K-O  )  purchased  wood  materials  worth 
$303.4  million.  Nonupholstered  furniture  firms 
were  the  leaders,  purchasing  82  percent  of  the 
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wood  materials.  Other  purchasers,  in  order 
of  importance,  were  manufacturers  of  uphol- 
stered wood  furniture,  wood  partitions,  public- 
building  furniture,  and  wood  office  furniture. 

Lumber  was  the  leading  wood  material  pur- 
chased, as  it  has  been  since  the  early  history 
of  furniture  manufacturing.  Because  of  lum- 
ber's widespread  availability,  workability, 
strength,  and  beauty,  southern  furniture  firms 
purchased  more  than  a  billion  board  feet  of 
it  at  a  cost  of  $192.7  million.  Hardwood  species 
accounted  for  $182.7  million,  and  softwood  spe- 
cies $10.0  million.  Key  lumber  species  included 
yellow-poplar,  gum,  maple,  and  oak  (1). 

Plywood  is  another  popular  material  because 
of  its  outstanding  strength-weight  ratio,  dimen- 
sional stability,  and  bonding  properties.  In 
addition,  a  variety  of  grain  patterns  can  be 
achieved  in  veneer.  Because  of  these  qualities, 
southern  furniture  firms  purchased  $86.9  mil- 
lion of  hardwood  veneer  and  plywood,  and  $5.4 
million  of  softwood  plywood.  Veneer  accounted 
for  55  percent  of  the  hardwood  expenditure. 

Composition  board  accounted  for  the  re- 
mainder of  the  wood  expenditures,  $16.5  mil- 
lion; 63  percent  was  for  particleboard,  and  37 
percent  for  hardboard. 

The  South  Atlantic  area  is  the  center  of  the 
southern  furniture-wood  market  ( table  4 ) . 
South  Atlantic  furniture  manufacturers  pur- 
chased hardwood  lumber  worth  $121.5  million; 
softwood  lumber,  $4.3  million;  hardwood  ply- 
wood and  veneer,  $63.9  million;  softwood  ply- 


wood, $13.1  million;  and  composition  board, 
$9.9  million;  for  an  overall  total  of  $202.7  mil- 
lion. East  South  Central  firms  purchased  $56.6 
million  worth  of  wood  materials  (table  5), 
and  the  West  South  Central  purchased  $40.4 
million  (table  6). 

PAPER  AND  ALLIED  INDUSTRIES 

Pulp,  paper,  and  board  mills  (table  1,  col- 
umns P-R)  made  $2,625.1  million  worth  of 
products  from  $437.8  million  of  pulpwood  (row 
4)  and  $65.1  million  of  chips  (rows  5  and  6). 
Primarily  from  these  outputs,  southern  paper 
and  paperboard  converters  produced  goods 
worth  $1,773.4  million.  Paper  and  allied  indus- 
tries combined  paid  out  $849.7  million  in  wages 
and  invested  $250.9  million. 

Paperboard  mills  led  paper-related  sectors 
in  value  of  shipments.  In  1963  the  South's  66 
paperboard  establishments  marketed  $1,276.6 
million  worth  of  output,  56  percent  of  national 
shipments.  The  major  types  of  paperboard 
manufactured  were  container  board  ($708.2 
million)  and  special  food  board  ($238.1  mil- 
lion ) ;  southern  mills  accounted  for  64  percent 
and  74  percent  of  national  shipments  of  these 
two  products. 

Pulpwood  inputs  for  paperboard  mills  totaled 
$283.9  million  or  $0.2188  per  dollar  of  output. 
More  than  half  the  pulpwood  produced  in  the 
South  went  to  paperboard  mills,  which  spent 
$249.9  million  for  13.0  million  cords  of  round- 


Table  8. — The  United  States  and  southern  furniture  industry,  by  primary  product  class,  1963  ' 


Primary  product  class 


United  States 


Establishments 


Total 


With  20  + 
employees 


Em- 
ployees 


Value 
added  by 
manu- 
facture 


South 


Establishments 


Total 


With  20  + 
employees 


Em- 
ployees 


Value 
added  by 
manu- 
facture 




-  Number 



M  dollars 



-  Number 



M  dollars 

Nonupholstered  wood 
furniture 

3,063 

992 

140,982 

993,200 

832 

349 

75,248 

508,200 

Upholstered  wood 
furniture 

1,785 

713 

67,850 

506,727 

591 

305 

34,971 

233,364 

Wood  office  furniture 

138 

58 

6,516 

57,018 

29 

16 

1,740 

14,573 

Public  building 
furniture 

429 

164 

16,949 

141,756 

126 

56 

5,522 

32,614 

Wood  partitions  and 
fixtures 

1.594 

347 

24,343 

219,194 

322 

62 

4,260 

33,546 

Total 

7,009 

2,274 

256,640 

1,917,895 

1,900 

788 

121,741 

822,297 

'Source  (13). 
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wood,  of  which  82  percent  was  southern  pine. 
Paperboard  mills  also  purchased  1.9  million 
cords  of  chips  for  $34.0  million.  Pine  round- 
wood  prices  varied  from  a  high  of  $21.08  per 
cord  in  the  South  Atlantic  region  to  $18.86  in 
the  East  South  Central  and  $17.07  in  the  West 
South  Central.  A  similar  trend  was  present  in 
chip  prices.  Thus,  there  is  a  gradual  east  to 
west  price  differential  underlying  pulpwood 
costs. 

The  rest  of  the  outlays  for  fiber  were  for 
woodpulp.  Paperboard  mills  purchased  168,- 
000  short  tons  of  pulp  worth  $6.6  million  from 
affiliated  or  associated  mills  and  199,000  short 
tons  of  pulp  worth  $18.6  million  on  the  open 
market. 

While  the  South's  paperboard  mills  are  pri- 
marily dependent  on  virgin  pulp,  paperboard 
mills  in  the  North  operate  largely  on  waste- 
paper.  Nationally,  paperboard  mills  purchased 
17.6  million  cords  of  pulpwood  and  7.5  million 
short  tons  of  wastepaper.  Of  these  totals,  south- 
ern mills  purchased  14.8  million  cords  of  pulp- 
wood and  1.1  million  short  tons  of  wastepaper. 
Thus,  the  South  took  84  percent  of  the  Nation's 


paperboard  pulpwood  but  only  15  percent  of 
the  wastepaper. 

Paperboard  is  sold  largely  to  converters  lo- 
cated in  regions  outside  the  South.  Hence, 
proximity  to  major  industrial  centers  is  a  key 
factor  in  location  of  conversion  plants.  How- 
ever, the  South's  expanding  industries  are  en- 
couraging more  paper  conversion  within  the 
region.  Southern  establishments  purchased 
$480.1  million  worth  of  paperboard.  The  major 
customers  were  manufacturers  of  corrugated 
shipping  containers,  $271.4  million;  folding 
paperboard  boxes,  $78.0  million;  and  sanitary 
food  containers,  $76.3  million. 

Unlike  sawmills,  southern  paperboard  mills 
employ  less  workers  per  unit  of  output  than 
the  national  norm.  Although  the  South  ac- 
counted for  56  percent  of  production  and  value 
added,  it  only  employed  half  of  the  workers 
(table  9).  Thus,  southern  mills  averaged  $40,- 
373  output  per  employee,  while  the  national 
norm  was  $36,531. 

Regionally,  the  South  Atlantic  led  in  produc- 
tion of  paperboard   products.     South   Atlantic 


Table  9. — The    United    States   and   southern   paper   and  allied  products,  by  primary  product  class,  1963' 


Primary  product  class 


United  States 


Establishments 


Total 


With  20  + 
employees 


Em- 
ployees 


Value 
added  by 
manu- 
facture 


South 


Establishments 


Total 


With  20  + 
employees 


Em- 
ployees 


Value 
added  by 

manu- 
facture 




-  Number 



M  dollars 



-  Number 



M  dollars 

Papermills,"'  except 

building  paper 

370 

353 

144,971 

2,153,007 

49 

47 

37,982 

634,405 

Paperboard  mills 

271 

259 

63,398 

1,186,224 

66 

62 

32,140 

683,054 

Building  paper  & 

board   mills 

83 

77 

11,874 

153,103 

27 

26 

4,869 

65,892 

Paper  coating  &  glazing 

387 

181 

31,983 

457,367 

39 

23 

3,159 

34,682 

Envelopes 

230 

173 

20,728 

188,963 

43 

33 

2,938 

26,569 

Bags,  except  textile 

586 

297 

42,343 

369,685 

131 

89 

18,409 

1'3 1,306 

Sanitary  paper  products 

119 

77 

19,108 

369,711 

8 

4 

1,429 

40,797 

Converted  paper  products 

610 

239 

29,514 

302,546 

72 

31 

4,430 

48,441 

Folding  paperboard  boxes 

636 

418 

51,291 

476,866 

101 

73 

9,026 

73,987 

Set-up  paperboard  boxes 

503 

317 

20,459 

131,688 

86 

59 

3,234 

18,990 

Corrugated  shipping 

containers 

923 

651 

83,229 

804,012 

177 

129 

16,762 

154,688 

Sanitary  food  containers 

186 

144 

32,879 

402,211 

45 

36 

6,321 

87,284 

Fiber  cans,  tubes  &  drums 

246 

137 

13,188 

126,196 

59 

35 

3,990 

35,676 

lotal 


5,150 


3,323       564,965   7,121,579 


903 


647 


1  Source  (13). 

-  Includes  independent  pulpmills. 
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mills  accounted  for  69  percent  of  the  value  of 
shipments  ( table  4 ) ;  East  South  Central,  9 
percent  ( table  5 ) ;  and  West  South  Central, 
22  percent  (table  6). 

Paper-  and  pulpmills  form  another  important 
sector  of  the  forest  economy.  They  produced 
$1,215.9  million  worth  of  materials  in  1963. 
Southern  papermills  produced  $907.3  million, 
accounting  for  24  percent  of  the  national  out- 
put. All  major  types  of  paper  were  produced, 
including  over  50  percent  of  the  national  pro- 
duction of  coarse  paper  (  wrapping  and  shipping 
sack )  and  newsprint.  Southern  pulpmills  pro- 
duced $308.6  million  of  pulp — 51  percent  of 
the  Nation's  output. 

Pulpwood  inputs  for  the  paper  and  pulp 
industry  totaled  $212.8  million  or  $0.1751  per 
dollar  of  output.  Mills  spent  $182.7  million  for 
9.4  million  cords  of  roundwood,  78  percent 
southern  pine.  They  also  purchased  $26.5  mil- 
lion worth  of  softwood  chips  and  $3.6  million 
of  hardwood  chips.  As  with  paperboard  mills, 
there  is  an  east  to  west  decline  in  wood  prices. 

The  remainder  of  the  wood-fiber  costs  was 
for  326,000  short  tons  of  pulp.  Papermills  paid 
$20.3  million  for  pulp  from  affiliated  or  asso- 
ciated mills  and  $19.2  million  in  the  open 
market. 

Paper-  and  pulpmills  contributed  $258.6  mil- 
lion in  wages  to  southerners.  They  employed 
about  the  same  number  of  workers  per  unit 
of  output  as  the  national  norm.  Southern  paper- 
mills  averaged  $29,821  of  output  per  employee 
compared  to  the  national  norm  of  $29,457. 

Regionally,  the  South  Atlantic  led  in  the 
production  of  paper  and  pulp.  South  Atlantic 
mills  manufactured  $559.7  million  of  output 
(table  4);  East  South  Central,  $406.7  million 
(table  5);  and  West  South  Central,  $249.5  mil- 
lion ( table  6  ) .  Mills  producing  only  pulp  are 
concentrated  in  the  South  Atlantic  region, 
where  70  percent  of  this  product  is  made.  South 
Atlantic  papermills  manufactured  38  percent 
of  the  South's  production;  East  South  Central, 
35  percent;  and  West  South  Central,  27  percent. 

The  remaining  primary  processing  sector  is 
the  building-paper  industry.  Building-paper 
mills  purchased  $6.2  million  of  pulpwood,  of 
which  S5.2  million  was  for  299,000  cords  of 
pine.  From  this  input,  the  27  establishments 
marketed  $111.6  million  worth  of  output.  Four- 


fifths  of  production  was  insulating  board,  and 
one-fifth  was  construction  paper. 

CONVERTED  PAPER  PRODUCTS 

Northern  converters  are  the  major  buyers 
of  southern  paper  and  paperboard,  but  the 
southern  market  continues  to  gain  in  import- 
ance. Southern  paper  and  paperboard  con- 
verters produced  $1,773.4  million  of  output 
from  paper  and  board  inputs  totaling  $836.5 
million  (table  1,  columns  S-BB).  This  output 
was  19  percent  of  the  national  total.  The  lead- 
ing southern  sector  was  corrugated  shipping 
containers,  followed  closely  by  bags.  These 
sectors  account  for  one-half  of  the  production 
from  converted  paper  industries. 

Of  the  two  major  inputs,  paperboard  was 
most  important.  Southern  converters  pur- 
chased $467.5  million  worth  of  paperboard  and 
$369.0  million  of  paper.  Thirty-four  percent 
of  the  paperboard  and  42  percent  of  the  paper 
was  purchased  from  affiliated  or  associated 
mills. 

Converters  employed  70,000  people  in  south- 
ern communities  and  paid  $347.3  million  in 
wages.  The  South's  converting  plants  em- 
ployed about  the  same  number  of  individuals 
per  unit  of  output  as  similar  industries  else- 
where in  the  Nation. 

All  primary-wood-input  sectors  are  affected 
by  a  change  in  demand  for  converted  paper 
products.  However,  the  sector  most  influenced 
by  a  change  is  pulpwood  production.  If  the 
demand  for  corrugated  shipping  containers 
changes  $1,  there  are  associated  demand  in- 
creases of  $0.0023  for  hardwood  stumpage, 
$0.0219  for  softwood  stumpage,  $0.0023  for  log- 
ging contractors,  and  $0.1144  for  pulpwood 
producers.  These  responses,  coupled  with  a 
$0.6270  response  in  the  sawmill,  paper,  and 
paperboard  sectors,  totals  $1.7679,  the  highest 
for  any  forest-related  sector. 

Regionally,  the  South  Atlantic  leads  in  the 
production  of  converted  paper  products.  South 
Atlantic  paper-converting  establishments  pur- 
chased $272.3  million  worth  of  paperboard  and 
S142.4  million  worth  of  paper  (table  4).  South 
Atlantic  conversion  plants  accounted  for  57 
percent  of  the  output;  East  South  Central,  17 
percent  (table  5);  and  West  South  Central, 
26  percent  (table  6). 
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APPENDIX 


DEFINITIONS  OF  CLASSES 

The  definitions  given  below  are  based  mainly 
on  material  in  the  SIC  Manual  (4). 

Logging  contractors  (SIC  2411):  Logging 
contractors  are  primarily  engaged  in  cutting 
timber  and  in  producing  rough,  round,  hewn, 
or  riven  primary  forest  or  wood  raw  materials. 
Logging  and  woods  operations  conducted  in 
combination  with  sawmills  and  other  convert- 
ing establishments,  and  not  separately  re- 
ported, are  classified  in  their  respective  indus- 
try groups.  Products  manufactured  in  this  class 
include  poles,  saw  logs,  posts,  and  veneer  logs. 

Pulpwood  producers:  Pulpwood  producers 
are  primarily  engaged  in  cutting  wood  to  be 
mechanically  ground  or  chemically  digested 
for  subsequent  manufacture  into  paper,  fiber- 
board,  or  other  products.  This  class  was  formed 
to  isolate  pulpwood  harvesting  from  other  log- 
ging operations. 

Sawmills  and  planing  mills  (SIC  2421,  2426, 
and  2429):  Establishments  engaged  in  sawing 
rough  wood  materials  and  in  operations  that 
produce  surfaced  lumber  and  standard  pattern 
material.  Hardwood  dimension  lumber  and 
flooring  establishments,  conventionally  treated 
as  a  separate  unit,  are  also  included  in  this 
industry.  Outputs  include  lumber,  planed  and 
surfaced  materials,  furniture  dimension  stock, 
dimension  lumber,  flooring,  lath  products,  and 
gun  stocks. 

Veneer  and  plywood  plants  (SIC  2432):  Es- 
tablishments primarily  engaged  in  producing 
commercial  veneer  and  commercial  plywood. 
Typical  products  include  decorative  panels, 
plywood,  and  veneer. 

Millwork  plants  (SIC  2431  J:  Establishments 
primarily  engaged  in  manufacturing  fabricated 
millwork.  Products  manufactured  include 
door  trim,  cabinet  wood,  storm-window  wood, 
and  interior  woodwork. 

Prefabricated  wood  products  (SIC  2433) : 
Establishments  primarily  engaged  in  manu- 
facturing prefabricated  wooden  buildings,  sec- 
tions, and  panels;  or  in  producing  laminated 
or  fabricated  trusses,  arches,  and  other  struc- 
tural members. 

Nailed  wooden  boxes  (SIC  2441):  Establish- 
ments   primarily    engaged    in    manufacturing 


nailed  and  lock-cornered  wooden  boxes  made 
of  lumber  or  plywood.  Products  manufactured 
within  this  class  include  ammunition  boxes, 
greenhouse  flats,  nailed  packing  cases,  carrier 
trays,  and  cigar  boxes. 

Other  wooden  containers  (SIC  2442  and 
2443):  Industries  contained  within  this  class 
manufacture  wirebound  boxes  and  crates.  Also 
included  are  establishments  that  produce  ve- 
neer and  plywood  containers  or  baskets.  Items 
produced  include  fruit  crates,  chicken  crates, 
fruit  hampers,  wooden  pails,  and  plywood 
drums. 

Wood  preserving  (SIC  2491):  Establish- 
ments primarily  engaged  in  treating  wood  with 
creosote  or  other  preservatives  to  prevent  de- 
cay and  to  protect  against  fire  and  insects.  The 
industry  produces  treated  trestles,  crossties, 
mine  props,  poles,  and  posts. 

Other  wood  products  (SIC  2499) :  Establish- 
ments primarily  engaged  in  turning  and  shap- 
ing wood,  and  in  manufacturing  miscellaneous 
wood  products  not  elsewhere  classified,  such 
as  hardboard,  pressed  particleboard,  wood  pal- 
lets, and  skids. 

Wood  furniture,  not  upholstered  (SIC  2411): 
Establishments  primarily  engaged  in  the  manu- 
facture of  unupholstered  household  wood  fur- 
niture. The  industry  makes  cabinets,  desks, 
dressers,  beds,  tables,  and  bookcases. 

Wood  furniture,  upholstered  (SIC  2512): 
Establishments  primarily  engaged  in  manufac- 
turing upholstered  furniture  on  wooden  frames, 
or  in  manufacturing  the  wooden  frames  for 
upholstered  furniture.  Shops  primarily  en- 
gaged in  reupholstering  furniture,  or  in  up- 
holstering frames  to  individual  order,  are  con- 
sidered   nonmanufacturing   industries. 

Wood  office  furniture  (SIC  2521):  Estab- 
lishments primarily  engaged  in  manufacturing 
wood  office  furniture,  whether  padded,  up- 
holstered, or  plain.  Items  produced  by  this 
industry  include  office  bookcases,  benches, 
desks,  and  chairs. 

Public  building  furniture  (SIC  2531):  This 
industry  includes  establishments  that  produce 
furniture  for  schools,  theaters,  assembly  halls, 
churches,  and  libraries.  Manufacturers  of  seats 
for  public  conveyance  systems  and  seats  for 
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automobiles  and  aircraft  are  also  included. 
Typical  products  are  bleachers,  railroad  seats, 
and  church  pews. 

Wood  partitions  and  fixtures  (SIC  2541): 
Establishments  primarily  engaged  in  manufac- 
turing wood  shelving,  lockers,  office  and  store 
fixtures,  prefabricated  partitions,  and  related 
fabricated  products.  Refrigerator  cases  or  cab- 
inets are  not  included.  Products  manufactured 
by  this  industry  include  wooden  bar  fixtures, 
show  cases,  prefabricated  partitions,  and  lock- 
ers. 

Paper-  and  pulpmills,  except  buildings  (SIC 
2611  and  2621):  This  industry  is  composed  of 
establishments  that  manufacture  paper  from 
woodpulp  and  other  fibers.  Items  produced 
include  woodpulp,  fiber  pulp,  paper  bags,  facial 
tissue,  text  paper,  and  kraft  wrapping  paper. 

Paperboard  mills  (SIC  2631):  This  industry 
is  mainly  engaged  in  the  manufacture  of  paper- 
board  from  woodpulp  and  other  fibers.  Box- 
board,  cardboard,  leatherboard,  and  shoeboard 
are  produced  by  this  industry. 

Building-paper  and  board  mills  (SIC  2661): 
Establishments  primarily  engaged  in  manufac- 
turing building  paper  and  building  board  from 
woodpulp  and  other  fibrous  material.  Products 
manufactured  in  this  industry  include  construc- 
tion paper,  insulation  board,  wood-fiber  roof- 
ing, and  tar  paper. 

Paper  coating  and  glazing  (SIC  2641):  In- 
cluded here  are  establishments  that  primarily 
manufacture  coated,  glazed,  or  varnished  paper 
from  purchased  paper.  Typical  products  in- 
clude wax  paper,  waterproof  wrapping  paper, 
gummed  labels,  and  litmus  paper. 

Envelopes  (SIC  2642):  This  industry  con- 
tains establishments  that  primarily  manufac- 
ture envelopes  of  any  description  from  pur- 
chased paper  and  paperboard. 

Bags,  except  textile  (SIC  2643 j:  Establish- 
ments primarily  engaged  in  manufacturing 
bags  from  purchased  paper,  cellophane,  acetate, 
polyethylene,  pliofilm,  foil,  and  similar  sheet 
or  film  materials.   End  products  of  these  estab- 


lishments   include    flour    bags,    freezer    bags, 
shipping  sacks,  and  garment  storage  bags. 

Sanitary  paper  products  (SIC  2647):  This 
industry  includes  establishments  engaged  in 
manufacturing  sanitary  paper  products  from 
purchased  paper.  Toilet  paper,  facial  tissues, 
table  napkins,  and  paper  diapers  are  typical 
products. 

Converted  paper  products  (SIC  2649):  This 
industry  contains  establishments  primarily  en- 
gaged in  manufacturing  purchased  paper  prod- 
ucts into  miscellaneous  converted  paper  or 
paperboard  products  not  elsewhere  classified. 
Products  manufactured  include  paper  excelsior, 
stationary,  notebooks,  gift  wrapping  paper,  and 
crepe  paper. 

Folding  paperboard  boxes  (SIC  2651):  Es- 
tablishments primarily  engaged  in  manufac- 
turing folding  paper  boxes  from  purchased 
paper. 

Set-up  paperboard  boxes  (SIC  2652):  Estab- 
lishments primarily  engaged  in  manufacturing 
set-up  paper  boxes  from  purchased  paper. 
Products  include  filing  boxes  and  newsboard 
boxes. 

Corrugated  shipping  containers  (SIC  2653): 
Establishments  primarily  engaged  in  manufac- 
turing corrugated  and  solid  fiber  boxes  and 
related  products  from  purchased  paperboard 
of  fiber  stock.  Important  products  of  this  in- 
dustry include  corrugated  and  solid  fiberboard 
boxes,  pads,  partitions,  display  items,  pallets, 
single-faced   products,   and   corrugated   sheets. 

Sanitary  food  containers  (SIC  2654):  This 
industry  is  composed  of  establishments  primar- 
ily engaged  in  manufacturing  special  food 
board  into  food  containers  such  as  fluid  milk 
containers,  folding  paraffined  containers,  fro- 
zen food  containers,  paper  cups,  and  ice  cream 
cartons. 

Fiber  cans,  tubes,  and  drums  (SIC  2655): 
Establishments  primarily  engaged  in  manufac- 
turing fiber  cans,  cones,  drums,  and  similar 
products,  with  or  without  metal  ends,  from 
purchased  material.  Typical  products  are  paper 
bottles,  ammunition  cans,  mailing  cases,  and 
fiber  wastebaskets. 
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Pulpwood  is  of  major  importance  to  the  southern  forest  economy. 
It  ranks  first  in  total  output  among  all  southern  pine  roundwood 
products  and  constitutes  half  of  the  cubic-foot  volume  removed  from 
southern  forests  each  year. 

This  paper  analyzes  the  price  determinants  of  southern  pine  pulp- 
wood stumpage.  It  updates  studies  previous  to  1968  and  extends 
coverage  from  the  Midsouth  States  of  Alabama,  Arkansas,  Louisiana, 
Mississippi,  and  Texas  to  the  entire  South.  In  studies  from  1955-1960 
(3)  and  1955-1965  (1),  forest  economists  found  that  most  of  the  price 
variation  could  be  explained  by  four  factors:  (1)  local  competition 
for  pulpwood,  (2)  general  demand  for  pulpwood,  (31  forest  stand 
conditions,  (4)  the  kind  of  wood  included  in  the  sale,  i.  e.,  the  pro- 
portion of  the  total  volume  removed  that  was  made  up  of  sawtimber 
tops  and  hardwoods.  These  studies  also  showed  that  the  wage  rates 
paid  pulpwood  cutters  affected  stumpage  price  trends. 

The  Data 

As  in  the  two  previous  studies,  the  prices  analyzed  were  those 
paid  for  pine  pulpwood  stumpage  sold  from  National  forests  in  the 
South.  National  forest  sales  were  studied  primarily  because  records 
of  them  are  available  while  records  of  private  sales  of  pine  pulpwood 
stumpage  generally  are  not. 

The  price  data  were  taken  from  the  files  of  the  Southern  Region 
(Region  8)  of  the  USDA  Forest  Service.  In  addition  to  price  received 
per  standard  cord,  each  record  showed  the  advertised  price,  the  bid 
price,  and  the  date  and  location  of  sale.  Competition  for  the  stumpage 
was  measured  in  terms  of  the  number  of  bidders.  Total  volume  and 
acreage  in  the  sale  area  were  also  included. 

Only  data  from  pine  pulpwood  sales  on  southern  National  forests 
from  1960-1967  were  analyzed.  Hence,  no  mixed  pine-hardwood  sales 
were   included,   unless   the   hardwood   component   amounted   to   less 


than  10  percent  of  the  volume.    Neither  combination  pulpwood-saw- 
timber  sales  nor  negotiated  sales  were  accepted. 

No  sales  from  National  forests  in  Virginia,  Tennessee,  or  North 
Carolina  qualified.    The  distribution  of  the  725  acceptable  sales  was: 

Region  and  State  Number  of  sales 

Arkansas  160 

Louisiana  97 

Texas  19 


West  Gulf  276 

Alabama  68 

Mississippi  156 


East  Gulf  224 

Florida  148 

Georgia  56 

South  Carolina  21 


Southeast  225 


1,600 

20-7,700 

715 

20-3,750 

3.3 

1-25 

4 

1-9 

Total  725 

Means  and  ranges  for  selected  characteristics  of  the  sales  were: 
Characteristic  Mean  Range 

Volume  in  standard  cords 

Acreage 

Cord  volume  per  acre 

Number  of  buyers 

National  forest  transaction  data  appear  to  be  particularly  suit- 
able for  price  analysis  for  several  reasons.  When  sales  from  only 
one  agency  are  taken,  much  of  the  random  variation  that  could  occur 
due  to  differences  among  individual  sellers  is  eliminated.  There  is 
uniformity  in  marking  and  estimating,  in  sales  procedure,  and  in 
record  keeping.  These  sales  also  reflect  prices  that  acknowledgeable 
buyers  and  sellers  can  agree  upon. 

For  several  reasons,  prices  for  National  forest  stumpage  are  not 
necessarily  typical  of  those  for  all  pulpwood  sales,  private  and  public. 
Ordinarily  National  forest  sales  are  much  larger  than  private  sales, 
hence  fewer  operators  compete  for  them.  Neither  buyer  nor  seller  is 
under  compulsion  to  complete  the  sale.  In  addition,  a  firm  reserve 
price  based  on  an  appraisal  is  advertised  with  the  offer  to  sell.  No 
prospective  buyer  bids  less  than  the  reserve  price,  since  such  offers 
would  be  rejected. 

Prices  paid  for  National  forest  stumpage,  however,  probably 
do  not  differ  greatly  from  those  paid  for  private  timber.    Since  pur 


chasers  of  National  forest  stumpage  have  the  choice  of  buying  private 
timber,  these  alternative  sources  of  supply  should  prevent  overpricing 
of  public  timber.  On  the  other  hand,  because  of  the  reserve  price, 
it  seems  unlikely  that  public  timber  is  purchased  for  much  less  than 
private  stumpage. 

Analysis  and  Results 

The  price  data  were  analyzed  by  multiple  regression.  The  price 
model  that  was  hypothesized  contained  10  independent  variables. 
The  model  took  the  form: 

P  =  V  +  A  +  V  'A  +  V  X  V  A  4-  B  +  PA  +  R  4-  M  +  M-«  +  M ■'• 
where: 

P  =  price  (dollars  per  standard  cord) 
V  =  volume  sold  (standard  cords) 
A  =  acreage  of  sale  area 
V/A  =  volume  per  acre 
V  X  V/A  =  interaction  of  total  volume  and  volume  per  acre 
B  =  number  of  firms  buying  pulpwood  in  county 
PA  =  pulpwood  market  activity   in  State  (change   in  pulp- 
wood  cut  between  year  prior  to  sale  and  2  years  prior 
to  sale,  adjusted  for  acreage  of  pine  type) 
R  =  region  (West  Gulf,  East  Gulf,  or  Southeast) 
M  =  month  of  sale  (three-digit  serial  number  assigned  to 
each  month  from  001  for  January  1955) 
M-  =  month  of  sale  squared 
M3  =  month  of  sale  cubed 
All  except  two  of  the  variables  were  readily  determined  from 
the  sales  records.    The  number  of  firms  buying  pulpwood  and  the 
pulpwood  market  activity  were  obtained  from  other  sources.   County 
tabulations  of  the  number  of  firms  buying  roundwood  are  prepared 
for  annual  reports  of  southern  pulpwood  production.    An   index  of 
pulpwood  market  activity  is  calculated  for  each  State  on  the  basis 
of  pulpwood  production  reports. 

Endogenous  variables  in  the  price  model,  those  subject  to  control 
by  the  seller,  are  number  of  cords  sold  and  acreage  of  sale  area.  Two 
independent  variables  derived  from  these  two  measurements — volume 
per  acre  and  the  interaction  of  total  volume  and  volume  per  acre — 
are  also  endogenous.  The  remaining  independent  variables,  which 
refer  to  place  and  time  of  sale,  are  exogenous,  i.  e.,  external  to  the 
sale  and  beyond  control  of  the  seller.  Once  the  location  of  the  timber 
offered  for  sale  has  been  established,  price  determinants  are  the 
subregion  in  which  the  tract  lies,  pulpwood  market  activity  in  the 


State,  and  number  of  buyers  in  the  county.  Month  of  sale  in  its  linear, 
quadratic,  and  cubic  forms  is  also  considered  an  exogenous  variable 
even  though  the  seller  can  exert  limited  control  over  the  exact  time 
at  which  he  puts  the  timber  on  the  market.  If  the  timber  is  on  a 
managed  forest,  the  range  of  time  in  which  to  sell  is  very  narrow. 

Although  external  and  internal  variables  are  equally  important 
in  explaining  price  behavior,  the  variables  that  the  seller  can  control 
are  of  primary  interest  to  him  if  he  wants  to  mark  his  stands  for  the 
highest  unit  value.  When  the  owner  intends  to  predict  the  price  his 
particular  stand  of  pulpwood  may  bring,  however,  he  becomes  con- 
cerned with  all  price  determinants. 

A  price  estimating  equation  was  developed  from  the  collected 
data  and  the  price  model.  Analysis  showed  that  of  the  10  factors, 
seven  were  statistically  significant  at  the  5  percent  level.  Stand 
characteristics  retained  in  the  equation  were  volume,  acreage,  and 
interaction  of  total  volume  and  volume  per  acre.  The  market  factor, 
number  of  firms  buying  in  the  county,  was  also  included.  In  addi- 
tion, the  significant  forms  of  the  time  variable  were  found  to  be 
month  and  month  cubed. 

Orthogonal  comparisons  indicated  that  the  coefficients  for  the 
significant  independent  variables  were  practically  identical  for  each 
region.  But  the  price  level  in  the  Southeast  differed  substantially 
from  that  in  the  Midsouth  (West  Gulf  and  East  Gulf  combined). 
Within  the  Midsouth  there  was  no  significant  difference  in  the  price 
level  between  the  West  Gulf  and  East  Gulf. 

The  estimating  equation  for  the  stumpage  price  of  pine  pulp- 
wood  in  the  Southeast  is: 

Y  =  9.4694  +  0.4058XJ  —  0.0729X.  —  0.0161X3  4-  0.2255X4 


0.0648X,  +  0.0019 


1,000 


where: 


/\ 


Y  =  estimated  pine  pulpwood  stumpage  price  (dollars  per 
standard  cord) 
Xj  =  volume  sold  (thousand  standard  cords) 
X2  =  size  of  sale  area  (hundred  acres) 
X-  =  total  volume  (thousand  standard  cords)  times  volume 


per  acre  (standard  cords) 
X4  =  buyers  (number) 
X5  =  month  of  sale  (serial  numbers  where  January  1955  = 

001) 
XG  =  month  cubed 

For  the  Midsouth,  the  estimating  equation  is  identical  with  that 
for  the  Southeast,  except  for  the  value  of  the  constant.    The  value  of 


the  constant  for  the  Midsouth  is  7.43892,  indicating  that  stumpage 
prices  for  pine  pulpwood  in  the  Midsouth  average  about  $2  less  than 
prices  in  the  Southeast. 

The  equation  accounts  for  56  percent  of  the  price  variation,  and 
the  standard  error  of  estimate  is  $1.50.  Expressed  in  terms  of  the 
southwide  mean  price,  the  equation  has  a  standard  error  of  31  per- 
cent. 

The  significant  form  of  the  time  variable  was  a  combination  of 
month  and  month  cubed.  Previous  studies  have  shown  that  from 
1955-1953  prices  rose  to  a  peak  and  then  began  falling.  In  this  study, 
prices  continued  to  fall  from  1960-1963,  then  began  a  rise  that  con- 
tinued to  the  end  of  the  period,  in  1967  (fig.  1).  Prices  declined 
approximately  $1.10  during  the  first  part  of  the  period  and  then  rose 
about  $1.75  during  the  last  part. 

The  stumpage  price  pattern 
reflects  trends  both  in  demand 
for  pine  roundwood  pulpwood 
and  in  general  prices.  In  both 
the  Midsouth  and  the  South- 
east, annual  average  prices  for 
pine  roundwood  delivered  to 
mills  and  woodyards  followed 
roughly  the  same  pattern.  The 
price  decline  appears  to  have 
resulted  primarly  from  the 
rapid  substitution  of  hard- 
woods and  plant  residues  for 
pine  roundwood  between  1960 
and  1963.  During  this  period, 
pulpwood  production  rose. 
Pine  roundwood  output,  how- 
ever, increased  only  modestly; 
when  expressed  as  a  percent  of  total  pulpwood  output  it  decreased 
from  70  to  64  percent.  Increases  in  pulpwood  production  were 
accounted  for  mainly  by  increases  in  the  production  of  hardwood  bolts 
and  the  salvage  of  plant  residues.  Moreover,  a  significant  proportion 
of  the  relatively  stable  demand  for  pine  bolts  was  shifted  to  areas  in 
which  competition  was  low.  During  this  4-year  period,  the  Bureau 
of  Labor  Statistics  wholesale  price  index  declined  very  slightly. 
From  1964  onward,  percentage  increases  in  pulpwood  production  were 
matched  by  equivalent  percentage  increases  in  pine  roundwood  out- 
put. At  the  same  time,  wholesale  prices  began  rising.  As  inflationary 
pressures  grew,  wholesale  prices  rose  at  an  increasingly  rapid  rate 
each  year  for  the  duration  of  the  period. 
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Figure  1. — Pattern  of  average  pulpwood 
stumpage  price  movement, 
1960-1967. 


From  year  to  year  and  month  to  month,  pulpwood  prices  fluctu- 
ated around  the  trend  line.  Average  annual  prices  for  the  entire 
period  were: 


1960 

$5.91  per  cord 

1961 

4.66  " 

1962 

5.21  " 

1963 

3.28  " 

1964 

$4.04  per  cord 

1965 

5.02  " 

1966 

6.29  " 

1967 

5.89  " 

Some  month-to-month  price  variation  was  seasonal.  A  12-month 
moving  average  was  used  to  approximate  the  normal  seasonal  price 
pattern  (fig.  2).  During  a  typical  year,  average  monthly  prices  ranged 
from  a  low  of  88  to  a  high  of  124,  on  a  scale  where  the  monthly 
average  equalled  100.  The  low  point  was  reached  in  the  spring,  and 
the  high  point  in  late  summer.  Although  prices  did  not  follow 
precisely  the  same  pattern  every  year,  the  plotted  monthly  averages 
for  each  year  indicated  that  a  seasonal  pattern  prevailed  and  that 
it  had  not  shifted. 
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Figure  2. — Average   seasonal  variation   in  pine   pulpwood   stumpage   prices, 
1960-1967. 

Seasonal  weather  conditions  can  have  been  only  partly  respon- 
sible for  this  price  pattern.  In  spring,  which  is  normally  wet,  prices 
are  low,  but  they  are  highest  in  the  summer,  which  is  not  a  particu- 
larly dry  season.    And  in  the  fall,  which  is  driest,  prices  are  low. 

Seasonal  availability  of  rural  labor  is  perhaps  the  principal 
factor  influencing  the  pattern  of  prices.  In  the  spring,  much  rural 
labor  is  engaged  in  planting  crops  and  is  not  available  for  cutting 
pulpwood.  By  midsummer,  however,  the  labor  force  is  free  from 
farm  work.    In  the  fall  rural  labor  is  busy  harvesting  farm  crops. 

Size  of  sale  is  positively  related  to  price  (fig.  3).  For  each  thou- 
sand-cord increase  in  sale  size,  price  advances  by  roughly  38  cents. 
With  each  increase  in  volume  the  price  advance  is  less  when  total  vol- 


Figure  3  - 


-Pine  pulpivood  prices  rise 
with  increases  in  volume  of 
wood  sold  but  decline  with 
increases  in  acreage  of  sale 
area  when  wood  volume  is 
held  constant. 


jme  is  high  than  when  it  is 
ow.  The  declining  influence 
jn  price  of  additions  to  vol- 
jme  is  more  pronounced  on 
;mall  acreages  than  on  large 
racts. 

Size  of  sale  is  determined 
ointly  by  acreage  of  sale  area 
ind  density,  i.  e.,  cords  per 
icre.  Hence,  the  influence  of 
hese  stand  characteristics  or 
;heir  derivatives  on  price  can- 
iot  be  determined  separately. 
'.n  the  price  equation,  both 
/olume  and  area  appear  as  in- 
lependent  linear  variables; 
here  is  a  positive  coefficient 
'or  volume  and  a  negative  one 
"or   area.     In    addition,   these 

two  variables  also  appear  with  a  negative  coefficient  in  the  interaction 
?f  total  volume  and  volume  per  acre.  The  interrelationship  between 
these  factors  is  responsible  for  the  positive,  slightly  convex  curve 
relating  volume  to  price.  The  upward  slope  of  the  curve  is  explained 
in  large  degree  by  the  economies  of  scale  possible  in  logging  large 
volumes  of  timber  compared  with  small  ones.  At  the  same  time, 
however,  large  sales  result  in  less  competition,  which  depresses  the 
price. 

There  was  a  negative  relation  between  price  and  acreage.  It 
cannot  be  explained  entirely  by  less  competition  among  buyers  for 
large  sales.  With  volume  held  constant,  an  increase  in  acreage 
would  be  expected  to  result  in  a  lower  price  because  average  volume 
per  acre  would  be  forced  downward.  Logging  studies  typically  show 
that  costs  ascend  (and  consequently  price  declines)  when  volume  cut 
per  acre  falls  (2). 

The  number  of  local  pulpwood  market  outlets  also  influences 
price  (fig.  4).  Each  additional  firm  that  buys  pulpwood  in  a  county 
causes  an  increment  of  approximately  22  cents  in  the  average  price 
per  cord. 

The  effect  on  price  of  competition  among  buyers  was  examined 
for  148  sales  in  Florida,  where  stumpage  prices  are  highest  and 
competition  for  pulpwood  greatest  in  the  South.  Answers  were 
sought  to  two  questions:  To  what  extent  does  competition  influence 
stumpage  prices?  And  is  the  significant  competitive  factor  the  actual 
number  of  bidders  or  the  proportion  of  prospective  buyers  that  bids? 


NUMBER   OF     BUYER 


Figure  4. — Pine  pulpwood  stumpage 
prices  rise  with  increases  in 
the  number  of  pulp  and 
paper  firms  buying  pulp- 
wood  in  the  county. 


Analysis  of  Florida  sales 
showed  that  the  number  of 
bidders  exerts  a  major  influ- 
ence on  price  paid.  When  pos- 
sible price  determinants  were 
screened  by  comparing  the 
simple  correlation  of  each  fac- 
tor with  price,  a  correlation 
coefficient  of  0.425  was  ob- 
tained for  bidders.  This  value 
greatly  exceeded  that  ob- 
tained for  any  other  factor 
tested.  The  simple  regression 
of  bidders  on  price  indicated 
that  price  increased  53  cents 
with  each  additional  bidder. 
Number  of  bidders  explained 
18  percent  of  the  price  varia- 
tion, and  this  factor  alone  predicted  price  with  an  error  of  $1.75  (24 
percent  at  the  mean).  Number  of  bidders  divided  by  the  number  of 
buyers  in  the  county  was  not  a  significant  variable. 

Since  National  forest  timber  sales  involve  advertising  a  minimum 
acceptable  price,  there  is  suspicion  that  this  procedure  may  confound 
price  analysis.  The  argument  is  that  since  the  advertised  price 
constitutes  a  large  proportion  of  the  final  price,  the  judgments  of 
the  appraisers  who  set  the  advertised  price  may  predominate.  At 
worst,  the  price  analysis  may  merely  confirm  the  factors  taken  into 
account  by  appraisers  rather  than  revealing  the  actual  price-making 
factors  operative  in  a  free  stumpage  market.  If  the  appraisers  differ 
sharply  from  the  combined  judgments  of  the  buyers,  results  of  the 
analysis  could  be  erroneous. 

The  bid  premium,  which  is  independent  of  the  advertised  price, 
offers  a  partial  test  of  the  validity  of  this  proposition.  It  should 
reflect  the  functioning  of  competitive  factors  in  the  market.  There- 
fore, the  determinants  of  price  identified  by  the  analysis  were  com- 
pared with  the  determinants  of  bid  premium,  even  though  the  size 
of  the  dependent  variables  was  not  similar.  Sales  from  Florida 
were  also  analyzed  for  this  purpose. 

The  comparison  revealed  no  major  differences  that  would  sup- 
port the  hypothesis  that  the  price  determinants  identified  in  the 
analysis  were  invalid.  The  time  variable  was  present  in  both  equa- 
tions, as  was  the  competition  variable.  On  the  other  hand,  pulpwood 
market  activity  was  a  significant  factor  in  the  price  equation  but 
not  in  the  bid-premium  equation.    Stand  characteristics  were  repre- 
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;ented  in  the  price  equation  by  volume  per  acre,  while  in  the  bid- 
jremium  equation  they  were  represented  by  the  interaction  of  total 
volume  and  volume  per  acre. 

Discussion 

The  price  trend  found  in  this  study  and  earlier  studies  (1,  2) 
vas  affected  by  changes  in  roundwood  requirements  of  the  pulp  and 
)aper  industry.  Demand  for  pulp  and  paper  has  been  rising.  Expan- 
iion  of  pulping  capacity  and  modification  of  pulping  processes  to 
ncrease  the  yield  from  each  cord  of  wood  have  also  had  an  effect, 
substitution  of  hardwoods  and  plant  residues  for  pine  roundwood 
ended  to  depress  prices.  The  general  price  inflation,  particularly 
n  wage  rates,  tended  to  increase  prices. 

Regional  prices  were  significantly  different.  In  the  two  previous 
tudies,  which  were  limited  to  a  single  region,  price  dissimilarities 
tmong  States  were  explained  primarily  in  terms  of  number  of  buyers, 
ilthough  transportation  costs  accounted  for  some  of  the  differences, 
similarly,  competition  among  buyers  apparently  causes  average  prices 
o  be  lower  in  the  Midsouth  than  in  the  Southeast.  The  Southeast 
las  both  more  and  larger  pulpmills  than  the  Midsouth. 

In  addition,  the  number  of  pulp  companies  drawing  wood  from  a 
ounty  greatly  affected  price.  This  finding  agrees  with  that  for 
955-1965  sales.  The  effect  of  each  additional  buyer  was  to  increase 
irice  per  cord  by  22  cents,  which  agrees  closely  with  the  20-cent 
ncrement  determined  in  the  earlier  study. 

Total  volume  cut  per  acre  also  influenced  price.  This  factor  was 
ignificant  in  both  previous  studies,  but  its  effect  appears  to  have 
hanged.  In  the  1955-1960  study,  price  declined  as  total  volume 
ncreased.  In  the  1955-1965  study,  price  increased  20  cents  per  cord 
or  each  additional  thousand  cords  offered.  In  the  present  study, 
>rice  increased  approximately  28  cents  per  cord  with  each  addition 
if  a  thousand  cords. 

The  variation  in  results  among  these  three  studies  may  reflect 
hanges  that  have  occurred  in  industry  structure  and  in  pulpwood 
>roduction  practices.  Rising  wage  rates,  scarcity  of  rural  labor,  and 
»ther  factors  have  encouraged  pulpwood  producers  to  mechanize  their 
iperations.  As  a  result,  other  changes  have  occurred  that  could  affect 
tumpage  prices.  For  example,  pulpwood  producers  have  had  to 
xpand  output  to  finance  heavier  investments  in  machinery.  Also, 
he  minimum  size  of  sale  that  they  can  afford  to  operate  has  risen 
nd  stand  characteristics  such  as  volume  per  acre  have  become  more 
rucial.  In  addition  to  expanding  capital  investment,  more  and  more 
>ulpwood  producers  are  adopting  harvesting  practices  such  as  tree- 
ength  logging. 


The  results  of  this  analysis  provide  adequate  guides  to  pulpwood 
stumpage  prices  in  the  short  run.  In  tne  long  run,  however,  stumpage 
price  relationships  are  expected  to  be  substantially  different.  Among 
the  responsible  factors  will  be  changes  in  the  ratio  of  capital  to  labor, 
in  logging  methods,  in  transportation  systems,  and  in  other  elements 
of  production.  Pulpwood  producers  will  be  stimulated  to  adopt 
new  methods  as  they  compete  with  other  forest  products  firms  for 
timber  and  seek  to  deliver  wood  to  the  millyard  at  the  lowest  possible 
cost. 
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Most  of  a  group  of  longleaf  -pine  ( Pinus  palustris  Mill.) 
saplings  observed  in  southern  Mississippi  appeared  to  be  capable 
of  continuous  elongation  throughout  the  growing  season  in  a 
favorable  environment.  Heavy  competition  tended  to  reduce 
summer  growth  more  than  spring  growth. 

On  winter  terminal  buds,  all  sections  between  the  base  and 
the  rounded  shoulder  of  the  tip  began  elongating  simultaneously 
and  grew  at  equal  rates  until,  starting  with  the  basal  section, 
each  in  turn  culminated  its  growth.  Thus,  elongation  was  pro- 
gressively greater  for  each  section  from  the  base  toward  the  tip. 
Activity  in  the  tip  of  the  bud  was  not  visible  until  about  40 
days  after  elongation  had  started  at  the  base. 

In  saplings  that  made  five  flushes  of  growth  in  addition  to 
forming  a  winter  bud,  elongation  started  in  the  third  flush  just 
before  it  stopped  in  the  first.  At  least  two  flushes  were  always 
rapidly  elongating  from  mid-April  until  mid-July. 

The  number  of  flushes  produced  by  a  tree  in  one  growing 
season  was  interpreted  to  be  more  of  a  function  of  a  tree's  mois- 
ture regime  than  of  the  amount  of  available  photosynthate. 

This  paper  describes  the  complex  seasonal  growth  patterns  of 
longleaf  pine  saplings.  The  studies  reported  were  exploratory,  but 
the  data,  observations,  and  speculations  presented  should  help  in 
planning  detailed  studies  on  individual  aspects  of  height  growth  in 
the  southern  pines. 

1  Belle  W.  Baruch  Professor  of  Forestry,  Department  of  Forestry.  Clemson  University, 
Clemson,  South  Carolina.  Experimental  portion  of  this  paper  was  carried  out  when 
the   author   was   with   the   Southern    Forest    Experiment    Station,    USDA    Forest    Service. 

'-'  Forest  Research  Technician,  Southern   Forest  Experiment  Station,  Gulfport,   Mississippi. 


Many  authors  have  concluded  that,  within  a  species,  there  is 
relatively  little  variation  in  the  pattern  of  height  growth  from  year 
to  year  (e.g.,  5,  12,  and  citations  therein).  This  conclusion  is  some- 
times interpreted  to  mean  that  the  seasonal  growth  pattern  is  under 
strong  hereditary  control.  Kozlowski  and  Ward  (6),  however,  showed 
that  the  amount  of  seasonal  variation  in  the  growth  patterns  is  small 
among  individuals  of  some  species  and  large  among  those  of  others. 
The  amount  of  hereditary  control  often  depends  upon  the  individual 
worker's  definitions  of  growth  patterns  and  hereditary  control  (4). 
The  authors  just  cited  found  that  although  the  length  of  the  growing 
season  was  relatively  stable  for  Pinus  resinosa  Ait.,  the  rate  of 
growth  was  highly  variable  and  dependent  upon  the  immediate 
environment.  They  concluded  that  the  pattern  of  growth  was  related 
more  to  the  fluctuating  environment  than  to  the  genetic  qualities 
inherent  in  the  individual  tree.  Wilcox  and  Farmer  (12)  demonstrated 
in  their  work  with  rooting  that  the  degree  of  heritability  expressed 
is  dependent,  in  part,  upon  the  environment.  Thus,  the  patterns  of 
height  growth  and  the  factors  that  influence  them  are  complex  for 
all  species. 

A  year's  height  growth  in  a  southern  pine  is  usually  the  result 
of  the  elongation  of  a  winter  bud  and  one  or  more  summer  buds 
(3);  each  elongation  is  called  a  flush.  Tepper  (9)  described  the 
elongation  of  multinodal  winter  buds  of  pitch  and  shortleaf  pines 
(P.  rigida  Mill,  and  P.  echinata  Mill. ),  and  showed  how  this  elongation 
contributed  to  total  growth.  Both  Eggler  (3)  and  Tepper  (9)  reported 
tree  to  tree  variation  in  the  number  of  flushes.  Wakeley  and  Marrero 
(10)  indicate  there  may  be  as  many  as  six  summer  shoots  contributing 
to  the  annual  growth  of  the  main  terminal.  Eggler  (3)  pointed  out 
that  when  elongation  resulted  from  two  or  more  buds,  the  buds 
elongated  consecutively  rather  than  intermittently,  and  Tepper  (9) 
reported  that  elongation  of  the  summer  shoot  sometimes  overlapped 
the  elongation  of  the  spring  shoot  in  shortleaf  pine.  Thus,  the  pattern 
of  leader  growth  of  southern  pines  is  considerably  more  complex  than 
that  of  most  trees  native  to  the  Northern  United  States,  where  only 
one  flush  of  growth  is  ordinarily  produced  each  year. 

Seasonal  Patterns 

Methods 

In  1958,  10  longleaf  pine  saplings  growing  in  a  stand  on  cutover 
land  in  the  Harrison  Experimental  Forest  near  Gulfport,  Mississippi, 
were  randomly  selected  for  study.  They  were  approximately  10  years 
old  and  4  feet  tall.  The  saplings  grew  under  various  amounts  of 
competition,  but  they  were  representative  of  the  stand,  which  in  turn, 
appeared  typical  of  natural  stands  of  young  longleaf  pine  in  the  area. 


A  stainless  steel  pin  was  placed  at  the  base  of  the  terminal  bud 
>f  each  of  the  saplings  in  February  1958.  With  the  pin  as  a  refer- 
;nce  point,  bud  lengths  were  measured  to  the  nearest  millimeter  at 
veekly  intervals  throughout  the  growing  season.  A  pin  was  also 
nserted  into  the  base  of  each  new  terminal  bud  as  soon  as  the  sterile 
:ataphylls  could  be  recognized.  Measurements  were  made  between 
iuccessive  pins  as  well  as  to  the  tip  of  the  bud.  Elongations  of  indi- 
vidual buds  were  then  plotted  over  time.  Six  saplings  were  selected 
o  represent  the  range  of  growth  curves  found  among  the  original  10. 
rhese  six  were  remeasured  in  1959. 

In  January  1960,  four  of  the  six  saplings  were  released,  fertilized, 
nulched,  and  thereafter  watered  during  dry  periods.  All  competing 
rees  and  brush  were  cut  in  a  12-foot  radius  around  a  sapling  to 
elease  it.  A  4-inch  layer  of  pine-straw  mulch  was  broadcast  over 
he  same  area.  Two  and  one-half  pounds  of  fertilizer  (5-10-5)  per 
ree  were  broadcast  on  top  of  the  mulch  on  January  5  and  again  on 
Vpril  28.  One  hundred  and  twenty  gallons  of  water  were  applied 
o  each  of  the  four  saplings  on  two  occasions.  The  other  two  saplings 
emained  as  untreated  controls. 

Before  release,  a  competition  index  was  obtained  by  assigning 
i  factor  to  each  woody  plant  (mostly  other  saplings  but  some  gall- 
jerries  (Ilex  glabra  L. )  )  within  a  12-foot  radius  around  the  study 
ree: 

/Diameter  of  competing  tree\  /  Height  of  competing  tree\ 

''actor  =\     Diameter  of  study  tree     / \      Height  of  study  tree     / 

Distance  ( ft. )  of  competing  tree  from  study  tree 

Diameters  of  both  trees  and  gallberries  were  measured  1  foot  above 
[round  line. 

The  individual  factors  for  surrounding  vegetation  were  totaled 
o  determine  the  competition  index  of  a  study  tree.  The  accuracy 
»f  this  index  is  not  known,  but  it  should  give  a  relative  measure  of 
:ompetition  for  each  study  sapling. 

Pine  shoot  moths  (Dioryctria  amatella  Hulst. )  killed  the  terminal 
hoots  of  the  fertilized  trees  in  late  April  1960.  Therefore,  the 
erminals  of  all  six  saplings  were  cut  and  measurements  were  dis- 
:ontinued  for  the  remainder  of  1960.  One  of  the  lateral  buds  at 
he  base  of  the  original  terminal  soon  took  over  on  all  six  saplings, 
md  these  new  terminal  buds  were  sprayed  monthly  with  0.5  percent 
)enzene  hexachloride  for  moth  control  during  the  balance  of  the 
{rowing  season. 

Weekly  measurements  were  resumed  on  the  saplings  early  in 
.961  and  continued  throughout  the  growing  season.  Two  and  one-half 
jounds  of  5-10-5  fertilizer  were  applied  to  each  of  the  four  released 
rees  on  January  26  and  again  on  June  8.    Trees  were  not  irrigated 


in  1961.  Buds  on  all  of  them  were  dusted  lightly  with  10  percent 
DDT  powder  once  a  week,  and  no  insect  damage  occurred.  Yearly 
height  increases  were  recorded  at  the  end  of  September  in  1962,  1963, 
and  1964. 

Rainfall  records  were  obtained  from  a  weather  station  at  Saucier, 
Mississippi,  which  is  about  2  miles  from  the  study  area.  Monthly 
totals  are  given  in  table  1. 


Table  1. — Monthly   rainfall   (inches)   at   Harrison   Experimental   Forest, 
Saucier,  Mississippi 


Month 

Year 

1946-63 

1957 

1958 

1959 

1960 

1961 

1962 

1963 

1964 

average 

January 

1.34 

5.83 

4.01 

8.74 

5.63 

6.06 

4.79 

8.16 

4.52 

February 

1.48 

3.26 

8.25 

6.13 

9.52 

5.10 

5.02 

4.41 

4.46 

March 

5.58 

9.20 

4.54 

4.80 

10.80 

3.49 

2.28 

4.53 

7.42 

April 

7.58 

5.69 

4.23 

5.44 

5.72 

2.23 

.92 

10.89 

5.28 

May 

11.20 

12.66 

10.32 

6.43 

3.51 

1.62 

5.94 

1.95 

5.44 

June 

3.64 

7.30 

11.80 

.81 

7.87 

7.43 

5.20 

4.54 

6.19 

July 

2.91 

13.45 

18.37 

10.34 

7.41 

4.10 

12.08 

10.72 

9.80 

August 

6.65 

5.93 

8.47 

14.43 

8.13 

6.47 

3.23 

6.47 

7.13 

September 

18.31 

4.21 

8.87 

10.14 

9.79 

5.39 

3.95 

6.23 

8.09 

October 

3.00 

1.30 

8.15 

2.86 

3.07 

3.30 

.65 

3.88 

2.60 

November 

7.08 

1.06 

1.90 

.43 

7.87 

2.65 

4.71 

4.68 

4.13 

December 

4.62 

2.67 

1.52 

3.69 

7.37 

4.23 

6.82 

3.55 

5.37 

Total 

73.39 

72.56 

90.43 

74.24 

86.69 

52.07 

55.59 

70.01 

70.43 

Results  and  Discussion 

Although  measurable 
growth  occurred  through- 
out the  year,  most  of  it  was 
between  March  1  and  Octo- 
ber 1.  This  period  was  de- 
fined as  the  growing  season. 
Elongations  during  the 
1958,  1959,  and  1961  grow- 
ing seasons  are  shown  in 
figures  1-3  for  the  six  sam- 
ple saplings.  For  conveni- 
ence, the  length  of  the  ter- 
minal growth  was  plotted 
monthly  rather  than  week- 
ly. Little  resolution  was 
lost  as  a  result. 
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Figure  1. 


-Cumulative  height  growth  of  six 
longleaf  saplings  during  the 
growing  season  of  1958  (prior 
to  release  and  fertilization). 
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Figure  2. — Cumulative  height  growth  of  six  longleaf 
saplings  during  the  growing  season  of 
1959  (prior  to  release  and  fertilization). 
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Figure  3. — Cumulative  height  growth  of  six  longleaf 
saplings  during  the  growing  season  of 
1961.  Trees  A,  C,  D,  and  F  were  released 
and  fertilized;  B  and  E  are  controls. 


During  the  spring,  when  growth  was  most  rapid,  some  saplings 
grew  as  much  as  70  mm.  per  week.  Amounts  of  elongation  between 
November  1  and  January  1,  by  tree,  were: 

Tree  1958-59  1959-60 


Mm.  Mm. 

A  3  3 

B  4  3 

C  1  2 

D  2  2 

E  3  4 

F  1  2 

Competition  indices  for  the  sample  trees  before  release  were: 

Competition 
Tree  index 


A  1.6 

B  3.4 

C  2.5 

D  9.0 

E  11.6 

F  23.9 

The  shapes  of  the  growth  curves  were  remarkably  similar  for 
1958  and  1959.  Trees  A  and  B  elongated  rapidly  throughout  most 
of  the  growing  season.  The  other  trees  grew  about  as  much  as  A 
and  B  during  the  spring  flush  but  much  less  late  in  the  season. 

In  1961,  after  releasing  and  fertilizing,  trees  C  and  D  grew  much 
faster  than  previously.  In  both  1958  and  1959  they  elongated  about 
35-40  cm.  by  May  1 — about  the  end  of  the  spring  growth  flush.  In 
1961  they  grew  about  55  cm.  in  the  same  time.  The  big  increase  in 
elongation,  however,  came  later  in  the  season.  Summer  growth 
averaged  18  cm.  in  1958  and  1959,  and  57  cm.  in  1961. 

Release  and  fertilization  caused  little  change  in  the  growth  of 
tree  A.  It  grew  more  in  1961  than  it  had  in  either  1958  or  1959,  but 
so  did  tree  B  which  was  not  released.  Evidently,  the  indices  were 
correct  in  indicating  that  neither  tree  A  nor  B  suffered  much  from 
competition.  Tree  C  had  a  low  competition  index  but  responded 
markedly  to  treatment.  Tree  F,  which  had  severe  competition,  did 
not  respond  well. 

Elongation  was  continuous  throughout  most  of  the  growing 
season  in  all  years  for  trees  A  and  B,  and  in  1961  for  trees  C  and  D. 
A  more  sporadic  growth  pattern  was  obtained  with  tree  E,  and  with 
C  and  D  prior  to  release.    These  trees  grew  rapidly  in  the  spring, 


then  slowly  and  intermittently  throughout  the  rest  of  the  growing 
season. 

Total  height  growths  per  tree  for  the  years  1962,  1963,  and  1964 
were: 

Tree  1962  1963  1964 


Cm. 

Cm. 

Cm. 

A 

85 

107 

146 

B 

94 

116 

119 

C 

82 

82 

116 

D 

111 

110 

136 

E 

36 

40 

24 

F 

62 

42 

31 

Tree  D  continued  to  show  effects  of  release  and  fertilization  by 
making  as  much  growth  as  the  two  rapidly  growing  trees,  A  and  B. 
Tree  F  never  did  respond  appreciably,  and  in  1964  it  put  out  a  number 
of  apical  shoots. 

Most  of  the  saplings  demonstrated  the  capacity  to  grow  con- 
tinuously from  February  to  October  if  environmental  conditions 
were  favorable. 


Winter-Bud  Elongation  of  Longleaf  Pine 

Methods 

To  determine  how  the  bud  elongates  to  form  a  shoot,  it  was 
necessary  to  make  permanent  marks  at  intervals  along  the  axis  of 
the  dormant  bud,  then  periodically  measure  between  the  marks 
to  determine  where,  when,  and  how  much  elongation  had  taken  place. 

In  a  first  attempt,  India  ink  marks  were  made  at  1-cm.  intervals 
along  the  axis  of  the  dormant  buds,  but  unfolding  of  the  bud  scales 
during  bud  elongation  disrupted  the  markings.  Pins  were  placed 
through  the  dormant  bud,  but  this  too  was  unsatisfactory  because  the 
scales  held  the  pins  while  the  buds  elongated.  A  satisfactory  pro- 
cedure was  developed  in  which  two  shallow  incisions  were  cut  with 
a  razor  blade  directly  opposite  each  other  along  the  length  of  the 
bud.  Number  0  stainless  steel  pins  were  inserted  through  the  bud 
in  the  incisions  at  the  desired  intervals.  The  pins  did  not  pass  through 
any  bud  scales,  and  their  movement  with  elongation  of  the  bud  was 
not  impeded.  Cutting  the  bud  scales  produced  unequal  tensions 
which  caused  the  buds  to  bend.  An  additional  incision  on  each  side 
jof  the  bud,  midway  between  the  original  incisions,  allowed  the  bud 
|to  grow  straight. 


Four  longleaf  saplings  were  pinned  on  January  20,  1960.  They 
were  about  4  feet  tall  and  were  growing  in  an  abandoned  field.  The 
uppermost  pin  was  placed  just  below  the  curved  shoulder  of  the 
bud  tip,  and  the  lowest  just  below  the  base  in  the  previous  year's 
wood.  The  distance  between  the  two  pins  was  then  divided  into 
five  equal  parts  by  placing  four  pins  at  equal  intervals  between 
the  first  two.  In  addition,  terminal  buds  of  10  other  saplings  were 
divided  by  placing  the  pins  5  mm.  apart.  To  prevent  injury  to  the 
apical  meristem,  no  pins  were  placed  above  the  rounded  shoulder  of 
the  bud  tip.   All  buds  were  measured  weekly. 

Results  and  Discussion 


Almost  no  measurable  e- 
longation  took  place  in  the 
basal  bud  section.  In  the  re- 
maining four  sections,  elon- 
gation started  simultaneous- 
ly and  proceeded  at  similar 
rates  until  growth  culmina- 
ted in  each  section.  Growth 
in  the  second  section  culmi- 
nated after  42  days,  in  the 
third  after  49  days,  the 
fourth  63  days,  and  the  fifth 
70  days.  Elongation  of  the 
fifth  section  was  complete  in 
98  days.  Growth  of  the  vari- 
ous sections  of  the  winter 
bud  are  shown  in  figure  4. 


DAYS 


Figure  4.- 


-Periodic   rate   of  elongation  in 
sections  oj  the   longleaf  bud- 


Average  final  length  of  each  section — as  a  percent  of  total  length 
of  the  shoot — was: 


Section 

Final  length 
0.2 

Range 

First 

0.0-  0.5 

Second 

3.3 

2.4-  4.3 

Third 

13.1 

11.4-16.5 

Fourth 

28.6 

27.0-30.2 

Fifth 

54.8 

51.9-57.2 

The  sections  averaged  13.25  mm.  in  length  when  the  pins  were 
placed.  When  growth  was  complete,  the  fifth  sections  averaged  173 
mm.  in  length.  Even  greater  increases  were  found  in  some  of  the 
individual  sections  marked  at  5-mm.  intervals.  The  greatest  length 
attained  by  a  5-mm.  section  was  100  mm. — a  20-fold  increase. 
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The  growth  rate  of  the  tip  was  not  shown  because  it  was  impos- 
sible, by  macroscopic  examination,  to  determine  how  much  elongation 
could  be  attributed  to  lengthening  of  the  winter  bud,  and  how  much 
was  due  to  formation  of  the  bud  for  the  second  flush.  In  any  case, 
tip  sections  did  not  elongate  much:  the  top  pin  averaged  only  27.8 
mm.  below  the  base  of  the  second  flush  after  the  elongation  of  the 
first  flush  was  completed.  In  those  buds  pinned  at  5-mm.  intervals, 
tips  started  elongating  42  days  after  the  5-mm.  sections  immediately 
below  the  tip. 


Growth  Flushes  in  Longleaf  Pine 

It  is  commonly  accepted  that  height  growth  is  intermittent  (8). 
Kramer  (7)  found  intermittent  elongation  in  loblolly  seedlings,  even 
when  they  were  grown  in  a  controlled  environment.  In  the  Deep 
South,  however,  the  results  just  described,  as  well  as  the  data  of 
Eggler  (3)  show  that  continuous  growth  in  length  can  occur  through- 
out the  growing  season  with  longleaf  pine. 

To  analyze  the  nature 
af  elongation,  three  long- 
leaf  saplings  in  an  aban- 
doned field  were  re- 
leased, mulched,  and  fer- 
tilized in  the  winter  of 
1959-60  as  in  the  first 
study  of  this  paper.  They 
were  then  measured 
weekly  throughout  the 
1960  growing  season. 
Each  new  bud  was 
pinned  as  soon  as  its  for- 
mation could  be  recog- 
nized by  the  sterile  cat- 
aphylls.  Measurements 
are  plotted  in  figure  5. 


4/14  5/19  6/16     7/8 

MONTH    AND    DAY 


Figure  5. 


Average  cumulative  elongation  of 
each  growth  flush  and  formation 
of  the  winter  bud  of  longleaf  pine 
saplings  in  one  season. 


Results  and  Discussion 

The  first  flush  of  growth  has  a  typical  sigmoid  curve  with 
maximum  rate  of  elongation  occurring  in  April.  Curves  for  the 
second  flush  and  subsequent  ones  are  not  sigmoid;  they  fail  to  show 
the  initial  lag,  because  the  buds  of  new  flushes  were  not  marked 
soon  enough  to  detect  slow  initial  growth. 
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The  second  flush  was  marked  as  starting  on  April  14,  when  the 
first  flush  was  making  its  most  rapid  elongation.  The  third  flush 
appeared  to  start  growing  on  May  19,  just  before  the  first  flush 
stopped.  The  pattern  was  the  same  for  each  succeeding  flush  through- 
out the  growing  season.  Thus,  two  flushes  were  rapidly  elongating 
at  the  same  time  from  mid-April  until  late  July. 

The  first  flush  attained  the  greatest  length,  followed  by  the 
second  flush.  The  third,  fourth,  and  fifth  flushes  attained  about 
the  same  final  lengths.  While  this  is  the  typical  pattern  for  longleaf 
pine,  it  is  not  uncommon  to  find  individual  trees  on  which,  in  a  given 
year,  the  second  flush  is  longer  than  the  first. 

Number  of  Flushes 

The  number  of  growth  flushes  made  by  pine  during  a  growing 
season  is  not  predetermined.  In  southern  pine  saplings,  it  is,  in 
general,  positively  correlated  with  vigor,  and  some  races  of  the 
southern  pines  can  be  made  to  add  flush  after  flush  throughout  the 
year  if  temperature  and  day  length  are  properly  controlled  (2). 

Still,  we  know  very  little  about  the  factors  controlling  the 
number  of  flushes  made  by  trees  in  the  field.  Some  insights  can 
be  obtained  from  the  growth  responses  of  saplings  which  are  girdled 
and/or  defoliated. 

Methods 

Old  foliage  was  removed  and  girdles  were  placed  near  the 
ground  line  on  6-year-old  longleaf  saplings  in  1961.  There  were  four 
treatments: 

No  girdle,  needles  present  (control) 

No  girdle,  needles  removed 

Girdle,  needles  present 

Girdle,  needles  removed 
Each  of  the  treatments  was  assigned  to  34  trees  and  applied  in 
early  spring. 

Total  height  growth  and  number  of  flushes  per  tree  were  deter- 
mined at  the  end  of  the  growing  season.  Total  length  of  the  spring 
flush  was  measured,  but  individual  lengths  of  later  flushes  were  not. 
The  study  is  described  in  detail  in  an  earlier  paper  where  the  effects 
of  the  treatments  on  the  elongation  of  the  spring  flush  are  reported 
(1). 

Results  and  Discussion 

Removing  the  old  needles  reduced  summer  growth  in  length  by 
about  50  percent  but  had  little  effect  on  number  of  flushes.   Girdling, 
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on  the  other  hand,  reduced  the  number  of  flushes  by  about  one. 
Summer  elongation  (i.  e.,  total  height  growth  for  the  season  minus 
length  of  the  spring  flush)  and  number  of  summer  flushes  (total 
flushes  for  the  season  minus  one)  averaged  for  each  treatment  were: 


Treatment 


Summer 

Summer 

growth 

flushes 

Mm. 

No. 

6831 

3.81 

3721 

3.51 

367  1 

2.5 

166| 

2.3 

No  girdle,  needles  present  (control) 
No  girdle,  needles  removed 
Girdle,  needles  present 
Girdle,  needles  removed 

Values  connected  by  the  same  vertical  line  do  not  differ  at  the  0.05 
level  of  confidence. 

Ungirdled  saplings  without  needles  grew  372  mm.  and  averaged 
3.5  flushes,  while  girdled  saplings  with  needles  grew  367  mm.  but 
averaged  only  2.5  flushes.  Therefore,  length  is  not  entirely  dependent 
upon  number  of  flushes.  Because  the  summer  flushes  were  not  meas- 
ured individually,  it  was  impossible  to  determine  if  the  reduction  in 
growth  caused  by  girdling  was  due  to  the  smaller  number  of  flushes 
Dr  to  an  effect  on  elongation  per  se.  Some  indication  of  the  relation 
between  number  of  flushes  and  length  is  available  from  another  group 
Df  longleaf  saplings  from  the  same  plantation.  Height  growth  was 
analyzed  for  the  main  stems  of  40  dominant  saplings  that  averaged 
about  20  feet  tall.  The  trees  were  cut  in  the  fall  of  1964  and  the 
length  of  each  flush  measured  for  the  years  1961  through  1964. 
Correlations  between  the  number  of  flushes  of  summer  growth  and 
the  length  of  summer  growth  were  determined  for  each  of  the  4  years: 

Year  of  comparison  Correlation  coefficient 


1961 

0.67 

1962 

::    .45 

1963 

;    .46 

1964 

3    .55 

Average  (from  Z  transformation) 

.53 

The  variation  in  length  accounted  for  by  the  variation  in 
number  of  flushes  ranged  between  21  and  45  percent.  Thus,  although 
there  is  normally  a  relationship  between  length  and  number  of 
flushes  the  girdling-defoliation  study  shows  that  growth  in  length 
s  not  necessarily  controlled  by  the  number  of  flushes. 

Some  speculation  about  the  results  of  the  girdling-defoliation 
jtudy  is  in  order  until  more  complete  information  is  available.  Re- 
Denotes  statistical  significance  at  a  probability  of  5  percent. 
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moving  the  needles  reduced  growth  by  about  50  percent.  Loss  of 
this  amount  of  foliage  obviously  reduced  the  amount  of  available 
photosynthate;  therefore,  it  appears  that  growth  in  length  is  strongly 
influenced  by  the  amount  of  photosynthate  available.  Needle  removal 
only  slightly  affected  the  number  of  flushes,  while  girdling  reduced 
the  number  by  one.  Therefore,  it  appears  that  something  is  more 
important  than  amount  of  photosynthate  in  controlling  the  number 
of  flushes. 

Girdling  caused  more  late-season  mortality  than  did  needle 
removal.  It  undoubtedly  severely  reduced  root  growth  and  new 
xylem  formation  at  the  girdle,  which  could  have  caused  internal 
water  deficits.  The  reduction  in  number  of  flushes  may  have  been 
caused  by  high  water  deficits.  Indeed,  Zahner  (13 )  showed  that 
drought  reduced  the  number  of  flushes  produced  by  loblolly  pine. 
Since  the  widely  differing  amounts  of  available  photosynthate  re- 
sulting from  the  defoliation  treatments  had  little  effect  on  number 
of  flushes,  the  most  probable  effect  of  drought  appears  to  be  directly 
on  the  shoot  rather  than  indirectly  through  a  reduction  of  photosyn- 
thesis. 
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Prescribed  burning  is  frequently  the  cheapest  way  to  prepare 
a  site  for  direct  seeding  of  pines.  It  is  also  often  used  to  improve 
forage  for  cattle  or  to  increase  the  supply  of  game-food  plants.  In 
the  absence  of  specific  data,  however,  land  managers  are  apprehensive 
about  burning  in  areas  where  there  is  danger  of  increasing  erosion 
and  surface  runoff.  This  paper  reports  the  3-year  effects  of  single 
burns  on  two  grass-covered  watersheds  in  northern  Mississippi,  one 
of  the  most  erosive  areas  in  the  South. 

Rainfall,  runoff,  and  sediment  were  monitored  on  three  small 
watersheds  from  1960  through  1963.  Two  watersheds  were  then 
burned  and  loblolly  pines  were  planted  on  them.  The  third  was 
maintained  as  an  untreated  control.  Linear  regressions  relating 
conditions  on  each  treated  catchment  with  those  on  the  control  were 
computed  from  the  pretreatment  records.  These  relationships  were 
the  basis  for  evaluating  post-treatment  hydrologic  behavior.  Changes 
in  the  composition  and  distribution  of  the  vegetation  were  observed 
before  and  after  treatment. 

The  long-term  objective  of  the  study  described  is  to  determine 
the  hydrologic  effects  of  converting  grassy  fields  to  loblolly  pine. 
It  was  also  possible  to  measure  the  effects  of  burning  because  the 
fire  was  expected  to  increase  surface  runoff,  and  the  pine  eventually 
to  decrease  it. 

STUDY  WATERSHEDS 

The  study  area  is  on  the  Upper  Coastal  Plain  in  northern  Mis- 
sissippi. Mean  annual  precipitation  of  53.3  inches  is  fairly  well  dis- 
ributed  throughout  the  year.  The  mean  daily  temperature  is  63.1°  F. 
Average  dates  of  the  first  and  last  frosts  are  November  7  and  March 
28;  thus,  length  of  the  frost-free  season  averages  224  days. 

Principal  Hydrologist  at  the  Forest  Hydrology  Laboratory,  Oxford.  Miss  The  Labora- 
tory is  maintained  by  the  Southern  Forest  Experiment  Station  in  cooperation  with 
the  University  of  Mississippi.  The  study  was  installed  with  the  cooperation  of  the 
Soil  Conservation  Service. 


Northern  Mississippi  is  underlain  by  deep  unconsolidated  strata 
of  sands  and  clays.  Upland  soils  are  typically  sandy,  but  the  study 
area  is  on  the  eastern  fringe  of  a  loessial  blanket.  Loessial  remnants 
commonly  occupy  ridges  and  upper  slopes.  Farming  began  about 
1830,  but  many  sloping  fields  were  abandoned  due  to  progressive 
erosion. 

The  three  watersheds  are  typical  of  many  abandoned  fields  in 
northern  Mississippi.  Grades  range  from  2  to  6  percent  along  ridges 
and  up  to  40  percent  on  slopes.  Watershed  I  has  all  loessial  soils, 
predominantly  Providence  silt  loam.  It  drains  2.65  acres  and  has 
a  37-foot  range  in  elevation  from  the  watershed  divide  to  the  measur- 
ing flume. 

Watershed  II  has  Providence  silty  clay  loam  on  the  upper  slopes, 
which  make  up  64  percent  of  the  drainage,  and  Ruston  sandy  loam 
on  the  remainder,  the  lower  slopes.  It  drains  2.62  acres  and  has  a 
44-foot  range  in  elevation. 

Watershed  III  has  Providence  silty  clay  loam  on  the  rim  and 
upper  slopes,  which  comprise  25  percent  of  the  2.43  acres  that  are 
drained.  Ora  sandy  loam  on  midslopes  and  Ruston  sandy  loam  on 
lower  slopes  make  up  the  other  75  percent  of  the  area.  The  range  in 
elevation  is  49  feet. 

The  loessial  soils  on  the  watersheds  are  characterized  by  a  shal- 
low fragipan,  which  tends  to  perch  water  during  winter  and  early 
spring.  Similar  loessial  soils  are  found  along  the  Mississippi  River 
from  Illinois  southward.  The  upland  soils  developed  from  Coastal 
Plain  materials  typically  have  a  sandy-clay  B  horizon.  Ruston  andi 
Ora  soils  are  important  in  all  the  Southern  States. 

All  three  catchments  were  severely  sheet-eroded  prior  to  aban- 
donment. Both  Watersheds  II  and  III  also  had  gully  walls  with 
exposed  mineral  soil.  Small  open  catchments  without  gullies  would: 
have  been  preferred,  but  such  watersheds  are  rare  in  the  area. 

Prior  to  burning,   the  vegetative   cover   consisted   primarily   off 
bluestem  grasses  ( Andropogon  spp. ) ,  whose  basal  area  covered  ami 
average  of  14.5  percent  of  the  catchment  areas  in   1961    (fig.    1). 
Basal  areas  were  determined  just  above  the  ground  surface  along, 
linear  transects. 


METHODS 

Watershed  Treatment 

Watersheds  I  and  III  were  backfired  on  December  18,  1963.   Th<^ 
fires  burned  hot  due  to  a  variable  5-  to  10-m.p.h.  wind.    No  runof) 
occurred  during  the  remainder  of  1963.    To  determine  the  long-terrr 
effects,  1-0  loblolly  seedlings  were  planted  on  the  two  burned  water     - 


Figure  1. — Watershed  1  prior  to  the  burn,  December  1963. 

sheds  on  March  11,  1964.  Trees  were  planted  with  dibbles  at  a  6- 
by  6-foot  spacing.  The  planting  operation  and  the  development  of 
the  pines  through  1966  could  have  had  little  hydrologic  effect. 

Annual  rainfall  on  the  watersheds  averaged  65.93  inches  in  1964, 
41.37  in  1965,  and  49.77  in  1966.  Deviations  from  the  long-term  mean 
were  +12.63,  — 11.93,  and  — 3.53  inches.  Thus,  after  treatment 
there  was  a  wet  year,  a  dry  year,  and  1  year  with  nearly  average 
rainfall.  Average  monthly  rainfall  and  monthly  runoff  during  the 
j>tudy  period  are  given  in  tables  7  and  8  in  the  Appendix. 

nstrumenration 

Runoff  from  the  watersheds  is  measured  in  3-foot  H-flumes 
equipped  with  water-stage  recorders  (6).  Deposited  sediment  is  col- 
lected in  concrete  approach  sections.  Samples  for  suspended  sediment 
leterminations  are  obtained  with  a  Coshocton  wheel  sampler  (3). 

The  three  catchments  are  within  a  ^-mile  radius.  A  recording 
■ain  gage  is  located  near  the  center  of  the  study  area  and  three  non- 
■ecording  gages  are  on  each  watershed. 


Calibration 

The  paired  watershed  approach  was  taken  in  this  study.   Analyt- 
cal  methods  for  determining  the  adequacy  of  calibration  of  annual 


discharge  from  paired  watersheds  have  been  presented  by  Wilm  (8,  9) 
and  extended  by  Kovner  and  Evans  (2).  Reinhart  (4)  applied  these 
methods  to  monthly  and  seasonal  yields  and  to  peak  and  low  flows. 
Runoff  from  the  study  watersheds  was  largely  ephemeral  and  main 
reliance  was  placed  on  calibration  relationships  for  individual  events. 
The  adequacy  of  such  calibrations  has  been  reported  (7). 

The  measurements  were  begun  in  1957.  Comparisons  of  regres- 
sions developed  for  stormflow  volumes  collected  during  each  of  the 
years  1957  through  1962  indicated  that  the  relationships  among 
watersheds  were  changing.  The  changes  were  due  partly  to  natural 
improvement  of  the  vegetation  and  partly  to  removal  of  scattered 
and  small  patches  of  scrub  oaks  to  obtain  a  uniform  grass  cover. 
The  amount  of  bare  soil  decreased  from  an  average  of  60  percent] 
of  the  watershed  areas  in  June  1957  to  7  percent  in  August  1961 
(table  1).  The  cover  changed  most  during  the  first  few  years  as] 
grasses  and  grass  litter  progressively  covered  bare  soil. 


Table  1. — Changes  in  ground  cover  prior  to  treatment 


Cover 
classes 


Watershed 


June 
1957 


August 
1961 


Change 
1957-1961 


Grasses 


Forbs 


I 

II 

III 

I 

II 

III 


-  Percent  oj  ground  surface 


8 

12 

6 

1 
1 
2 


15 
15 
14 

1 

1 
1 


Litter 

I 

35 

83 

+  48 

II 

36 

79 

+  43 

III 

17 

69 

+  52 

Bare  soil 

I 

55 

0 

-55 

II 

51 

5 

-46 

III 

75 

15 

-60 

Miscellaneous 

I 

1 

1 

0 

II 

0 

0 

0 

III 

0 

1 

+    1 

Further  comparisons,  dropping  years  stepwise  starting  with  1957, 
indicated  that  the  individual  regressions  for  1960,  1961,  and  1962 
did  not  differ  significantly.  It  was  then  decided  to  extend  the  calibra- 
tion period  from  1960  through  1963. 

Initially,  three  watersheds  were  selected  with  the  expectation 
that  a  satisfactory  calibration  relationship  would  be  developed  for 
at  least  one  pair,  one  of  which  would  be  treated.    It  soon  became 


apparent  that  the  hydrologic  behavior  of  Watershed  I  differed  appre- 
ciably from  that  of  II  and  III.  Wide  variations  in  runoff  with  respect 
to  Watersheds  II  and  III  meant  that  relatively  large  changes  would 
be  required  to  demonstrate  treatment  effects.  As  originally  con- 
ceived, Watershed  I  would  have  been  abandoned  and  either  II  or  III 
randomly  selected  for  treatment.  This  procedure  would  have  fully 
met  statistical  requirements.  However,  unpublished  results  of  another 
study  in  the  area  indicated  almost  complete  elimination  of  runoff 
from  watersheds  20  years  after  pine  planting.  Thus,  interest  was 
renewed  in  the  major  treatment  applied  to  watersheds  with  hydro- 
logically  shallow  soils.  It  was  decided  to  treat  two  watersheds  identi- 
cally to  provide  additional  information  from  the  study. 

The  selection  of  the  control  (untreated)  watershed  was  on  the 
basis  of  soils.  Watershed  I  with  all  loess  soils  and  Watershed  III  with 
primarily  Coastal  Plain  soils  were  treated  identically.  Watershed  II, 
intermediate  with  respect  to  soils,  served  as  the  common  control. 

Pretreatment  relationships  among  watersheds  were  developed 
for  the  volumes  of  stormflow  and  two  measures  of  their  distribution- 
instantaneous  peak  discharges  and  the  portions  of  stormflow  volumes 
estimated  as  overland  flows.  All  events  which  produced  runoff  on 
either  the  control  watershed  or  a  watershed  to  be  treated  were 
included  in  the  stormflow  volume  analyses.  A  storm  was  defined 
as  a  precipitation  event  bounded  by  rainless  intervals  of  at  least 
6  hours.  The  calibration  and  post-treatment  equations  for  the  three 
variables  are  summarized  in  tables  9,  10,  and  11   in  the  Appendix. 

Analyses 

The  linear  regression  model  to  describe  relationships  between 
watersheds  during  the  calibration  period  is  Y  =  a  +  bX.  The 
calibration  regressions  were  compared  by  covariance  analysis  with 
the  regressions  developed  from  data  collected  during  each  year  after 
treatment.  The  null  hypothesis  is  that  the  two  regressions  are  esti- 
mates of  the  same  general  equation.  If  this  hypothesis  is  rejected, 
the  conclusion  is  that  the  relation  between  phenomena  on  the  control 
watershed  (X)  and  on  a  treated  watershed  (Y)  has  changed,  and  that 
two  equations  are  required  to  describe  the  relations  before  and  after 
treatment. 

Covariance  analyses  can  determine  whether  the  change  is  some 
function  of  X  or  is  best  expressed  as  a  constant  for  all  values  of  X  (1). 
The  first  step  is  to  test  for  differences  in  slope.  If  slopes  differ,  the 
magnitude  of  change  varies  with  X. 

When  slopes  were  found  to  be  significantly  different,  each  indi- 
vidual measurement  after  treatment  was  subjected  to  a  t-test,  and 
.he  probability  of  the  magnitude  of  the  change  determined.   Repeated 


use  of  the  t-test,  comparing  successive  post-treatment  observations 
against  the  same  prediction  equation,  fails  to  meet  statistical  stand- 
ards because  requirements  for  independence  are  not  met.  However, 
such  comparisons  are  informative  and  were  made.  Where  used,  the 
t-tests  were  for  increases  only.  Thus,  only  one  end  of  the  probability 
curve  was  considered. 

If  the  slopes  of  the  equations  do  not  differ,  differences  in  level 
can  be  tested.  Here  again,  since  the  critical  value  for  testing  equal 
levels  cannot  be  precisely  determined,  the  hypothesis  of  equal  slopes 
cannot  be  tested  without  some  probability  of  error.  However,  to 
aid  interpretation  where  a  change  in  level  was  indicated,  the  two 
equations  were  adjusted  to  a  common  slope  and  the  average  change 
determined.  The  average  change  was  also  expressed  as  a  percentage 
of  the  pretreatment  mean  to  aid  comparisons  among  post-treatment 
years. 

Previous  work  has  shown  that  it  is  desirable  to  base  regressions 
on  about  30  values  (7).  When  there  were  too  few  values  to  ade- 
quately define  a  regression  for  a  particular  year,  regressions  wen 
developed  from  the  combined  data  for  2  or  3  years.  All  testing  was 
at  the  5-percent  level  of  confidence. 

Where  variances  of  regressions  differed  significantly  and  a 
change  in  level  was  indicated,  a  conservative  test  was  applied.  The 
largest  variance  and  its  degrees  of  freedom  were  used  in  the  F  tests 
for  differences  in  slope  and  level.  While  true  differences  in  pre-  and 
post-treatment  variances  might  exist,  none  of  the  conclusions  regard- 
ing change  in  level  was  altered  as  a  result  of  this  procedure. 

Ratios  of  sediment  yields  before  and  after  treatment  were  com- 
pared. The  ratios  are  for  annual  yields  and  average  annual  concen- 
trations of  sediment  per  unit  of  runoff. 

TREATMENT    EFFECTS  I 

Runoff 

Stormflow  volumes. — Stormflow  volumes  from  Watershed  III 
averaged  0.09  area-inch  higher  than  predicted  during  1964— an 
increase  of  almost  50  percent  of  the  pretreatment  mean.  The  in- 
creases were  smaller,  but  continued  significant  through  the  second 
and  third  years  after  treatment  (table  2).  The  increases  for  all  3 
years  were  independent  of  the  volumes  of  stormflow  from  the  control 
watershed. 

The  average  volume  of  runoff  per  storm  from  the  control  in 
1964  and  1965  closely  approximated  the  mean  for  the  calibration 
period;  average  runoff  per  storm  from  the  control  in  1966  was  almost 
twice  the  calibration  mean. 
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Table  2. — Effect  of  burning  on  volumes  of  stormflow — 
Watershed  III 


Year 


Events 


Average  change 
per  event 


Average 
change 


Number 

Area 

-inches 

Percent  ' 

1964 

34 

+  0.089* 

47.5 

1965 

18 

+ 

.041* 

21.7 

1966 

12 

+ 

.044* 

23.3 

1964-66 

64 

+ 

.067* 

35.6 

1  Percent  of  pretreatment  mean. 

*  Statistically  significant  at  5-percent  level. 

Calibration  and  post-treatment  regressions  for  Watershed  I  did 
not  differ  significantly.  Presumably,  soil  characteristics  rather  than 
cover  exerted  the  dominating  influence  on  runoff  from  this  catch- 
ment. 

Overland  flow. — Overland  flow  was  defined  as  the  volume  of 
stormflow  represented  by  the  part  of  a  hydrograph  above  a  straight 
line  drawn  between  the  beginning  of  a  rise  and  the  point  of  maxi- 
mum curvature  on  the  recession. 

Overland  flows  from  Watershed  I  were  significantly  greater  than 
predicted  in  1965,  but  not  in  1964  or  1966.  Since  the  increases  did 
not  diminish  after  the  first  year,  the  most  reliable  indicator  of  change 
was  the  equation  developed  from  all  the  data  collected  during  all 
3  years  after  treatment.  The  average  change  for  the  3  years  was  0.086 
area-inch,  a  significant  increase  equivalent  to  23  percent  of  the 
pretreatment  mean  (table  3).  While  burning  did  not  increase  the 
total  volumes  of  stormflow  from  these  hydrologically  shallow  soils, 
it  did  increase  the  portion  estimated  as  overland  flow. 


Table  3. — Treatment  effects  on  overland  flow 


Year 


Events 


Average  change 
per  event 


Average 
change 


Number 

Area-inches 
Watershed  I 

Percent  ' 

1964 

32 

+  0.062 

16.8 

1965 

15 

+   .121* 

32.5 

1966 

11 

+   .104 

28.0 

1964-66 

58 

+   .086* 
Watershed  III 

23.1 

1964 

33 

+    .102* 

61.0 

1965 

15 

+    .060* 

36.1 

'  Percent  of  pretreatment  mean. 

*  Statistically  significant  at  5-percent  level. 


Overland  flows  from  Watershed  III  averaged  0.102  area-inch 
higher  than  predicted  in  1964  and  0.060  area-inch  higher  than  pre- 
dicted in  1965  (table  3).  These  average  increases  were  equivalent 
to  61  and  36  percent  of  the  pretreatment  mean.  The  slope  of  the 
regression  for  1966  values  differed  from  the  pretreatment  slope. 
The  comparisons  of  individual  events  indicated  that  overland  flow 
was  significantly  higher  than  predicted  for  five  of  the  11  events 
during  1966  (fig.  2). 


0.3         .6         .9         1.2         1.5 
OVERLAND  FLOW  FROM  WATERSHED  II  (AREA-INCHES) 

Figure  2. — How  burning  influenced  volumes  of  overland  flow 
from  Watershed  III  in  1966.  Solid  symbols  indi- 
cate significant  departures  from  predicted  values. 


1.8 


Peak  discharges. — Analyses  were  confined  to  runoff  events  which 
produced  instantaneous  peak  flows  >  0.10  c.f.s.  (cubic  feet  per 
second)  per  acre  on  the  control  or  a  treated  watershed. 

Instantaneous  peaks  were  significantly  higher  than  predicted  on 
both  catchments  in  1964.  For  Watershed  I,  the  average  increase  of 
0.27  c.f.s.  per  acre  was  equivalent  to  47  percent  of  the  pretreatment 
mean.  Although  the  volumes  of  stormflow  from  this  catchment  did 
not  increase  after  burning,  the  increase  in  peak  flows  tends  to  sub- 
stantiate the  significant  increase  in  the  volumes  of  overland  flow. 
For  Watershed  III,  the  average  increase  in  peak  flows  was  0.69  c.f.s. 
per  acre.  The  peak  flow  at  the  pretreatment  mean  more  than  tripled. 
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Three  of  the  four  individual  regressions  for  1965  and  1966 
:hanged  in  slope  rather  than  level.  The  exception  was  the  1966 
:quation  for  Watershed  III,  which  changed  in  level,  but  this  equation 
vas  based  on  only  six  events.  When  the  data  for  1965  and  1966  were 
:ombined,  the  analyses  indicated  a  significant  change  in  regression 
ilopes  for  both  watersheds.  Twenty-four  percent  of  the  peak  flows 
rom  Watershed  I  during  1965  and  1966  (fig.  3),  and  27  percent  of 
hose  from  Watershed  III  during  these  years  (fig.  4),  were  signifi- 
cantly higher  than  predicted. 


OI965  VALUES 
AI966  VALUES 


0.3  6  .9  1.2  15 

PEAK  FLOWS  FROM  WATERSHED  II  (CFS/ACRE) 

Figure  3. — How  burning  influenced  peak  flows  from 
Watershed  I  in  1965  and  1966.  Solid 
symbols  indicate  significant  departures 
from  predicted  values. 
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0.3  .6  .9  12 

PEAK    FLOWS    FROM   WATERSHED  IT   (CFS/ACRE ) 


1.5 


Figure  4. 


Sediment 


-How  burning  influenced  peak  flows  from  Watershed  III  in  196 
and  1966.    Solid  symbols  indicate  significant  departures  from 
predicted  values. 


Watershed  II,  the  control,  produced  the  most  sediment  during 
the  four  calibration  years  (an  average  of  690  pounds  per  acre  per 
year)  and  had  the  highest  concentration  of  sediment  per  unit  runoff 
(161  pounds  per  acre-inch). 
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During  the  first  9  months  after  Watersheds  I  and  III  were 
burned/  sediment  yields  from  the  control  watershed  were  less  than 
the  pretreatment  mean.  During  the  same  period,  yields  increased 
from  pretreatment  means  of  less  than  100  pounds  per  acre  to  %  ton 
per  acre  from  Watershed  I,  and  to  almost  3  tons  per  acre  from  Water- 
shed III  (table  4).  The  ratio  of  post-  to  pretreatment  production 
was  18:1  for  Watershed  I  and  78:1  for  Watershed  III.  Similarly, 
burning  increased  the  concentration  of  sediment  by  a  factor  of  18 
on  Watershed  I  and  44  on  Watershed  III. 

Table  4. — Sediment  yields  before  (1960-1963)  and  after  burning 


Year  and 
watershed 


Production 


Absolute 


Post-  to 
preburn 


Concentration 


Absolute 


Post-  to 
preburn 


1960- 

1963 

II 

Control 

I 

III 

1  1964 

I 

II 

Control 

I 

III 

1965 

II 

Control 

I 

III 

Lbs.  per  acre, 

Lbs. 

per  acre-inch 

ovendry  weight 

Ratio 

of  runoff 

Rati 

690  '  (279-1,089) 

161 

(118-220) 

84      (43-141) 

7 

(6-9) 

. . . 

74      (26-135) 

20 

(11-35) 

639 

0.9 

136 

0.3 

1,542 

18.4 

126 

18.0 

5,759 

77.8 

886 

44.3 

281 

.4 

63 

.4 

88 

1.0 

7 

1.0 

519 

7.0 

116 

5.8 

1966 

II  Control 

I 
III 


125 
33 

47 


.2 
.4 
.6 


25 

3 
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'  Range  in  parentheses. 
First  9  months  of  1964. 

Much  of  the  increase  for  Watershed  III  resulted  from  the  reacti- 
vation of  a  small  gully.  Sufficient  vegetation  had  developed  on 
the  gully  floor  to  trap  much  of  the  sediment  coming  from  the  raw 
gully  bank.  The  fire  removed  the  vegetation  and  the  sediments 
moved  to  the  main  drainageway  and  the  flume  (fig.  5). 

Sediment  yields  during  1965  were  low  from  the  control  and 
Watershed  I,  but  continued  high  from  Watershed  III.  Although 
yields  were  low  from  all  three  watersheds  in  1966,  the  effects  of 
burning  were  still  apparent. 

'  Postburn  data   in   1964   limited   to   the   first   9   months.     Data   after   September   28.    1964, 
!  during  which  about  one-third  of  the  runoff  occurred,  were  excluded   because  an  alter- 
nate method  of  measuring  sediment  proved   unreliable. 
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Figure  5. — After  the  fire,  sediments  were  no  longer  trapped  by  vegetation 
on  the  gully  floor,  February  1964. 


Vegetation 

The  weight  of  the  vegetation  before  the  burn  averaged  4,470 
pounds  per  acre;  the  weight  of  the  litter,  3,918  pounds  per  acre  (fig. 
6)  (table  5).  The  fire  consumed  the  standing  vegetation  and  56  percent 
of  the  surface  litter  (fig.  7).  Further  dissipation  of  litter  was  antici- 
pated, but  the  magnitude  of  this  loss  was  surprising.  An  additional 
28  percent  of  the  preburn  weight  was  lost  by  October  1964.  Thus, 
the  litter  weight  was  reduced  by  a  total  of  84  percent  during  the 
first  year. 

Regrowth  during  the  first  year  after  burning  averaged  about  1 
ton  per  acre.  After  2  years  the  weight  of  all  cover  (vegetation 
plus  litter)  increased  to  one-half  the  level  before  burning.  After  3 
years,  cover  rose  to  two-thirds  of  the  preburn  level. 

Of  main  interest  in  the  composition  of  cover  is  the  amount  of 
exposed  soil.  The  fires  bared  the  soil  on  an  average  of  25  percent 
of  the  watershed  surfaces,  and  an  additional  14  percent  was  exposed 
during  the  first  year  after  treatment  (table  6).  Cover  was  not  fully 
restored  to  surfaces  bared  by  fire  by  the  end  of  the  third  year  after 
treatment. 

Restoration  of  the  cover  to  preburn  levels  appears  to  be  gradual. 
A  previous  study  showed  that  stormflows  from  Watershed  III  and 
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able  5. — Weight  of  vegetation  and   litter   before   and   after   the   December 
1963  burn  and  during  the  recovery  period 


Pre- 
burn 

Postburn 

Watershed 

February 
1964 

October 
1964 

October 
1965 

October 
1966 

4,318 
4,623 

Pounds 

0 
0 

per  acre — c 

2,222 
1,617 

■rass  and  herbs  ' 
I 

III 

2,400 
2,200 

3,470 
2,065 

Mean 

itter 

I 
III 

4,470 

4,629 
3,207 

0 

2,239 
1,227 

1,920 

798 
442 

2,300 

2,485 
1,687 

2,768 

2,719 
3,163 

Mean 

kll  cover 

I 

III 

3,918 

8,947 
7,830 

1,733 

2,239 
1,227 

620 

3,020 
2,059 

2,086 

4,884 
3,887 

2,941 

6,189 
5,228 

Mean 

8,388 

1,733 

2,540 

4,386 

5,708 

Material  1  inch  or  more  above  the  soil  surface. 


igure  6. — A  dense  cover  of  bluestem  grasses  covered  the  watersheds  prior 
to  the  burn,  December  1963. 
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Figure  7. — The   fire   removed    the    standing    vegetation   and    over    half   tha 
litter.    Same  areas  as  in  figure  6  in  February  1964. 


Table  6.— Composition  of  cover  before  and  after  the  December  1963   burn 
and  during  the  recovery  period 


Watershed 

Preburn 

Postburn 

Cover  class 

February 
1964 

October 
1964 

October 
1965 

October 
1966 

-  Per 

cent  of  gr 

aund  surj 

ace  occu% 

)ied  - 

Grasses 

I 

III 

15 
13 

17 
15 

19 

15 

19 
16 

25 
19 

Forbs 

I 
III 

1 
1 

1 

1 

5 
3 

5 
4 

6 
4 

Litter 

I 
III 

83 
69 

49 
32 

28 
25 

44 
37 

53 

48 

Bare  soil 

I 
III 

0 
16 

25 
42 

43 
52 

28 
40 

9 
21 

Moss,  lichens,  oth 

er           I 
III 

1 

1 

8 
10 

5 
5 

4 
3 

6 

7 

Pine  litter 

I 
III 

1 
1 
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he  control  are  strongly  correlated  with  storage  opportunity  in  the 
jpper  6  inches  of  soil  (5).  It  seems  unlikely  that  burning  changed 
his  relationship.  Thus,  changes  probably  resulted  primarily  from 
in  altered  soil  surface.  If  there  is  a  sensitive  cause  and  effect 
elationship  between  cover  and  stormflow,  treatment  effects  may 
extend  beyond  3  years. 

By  October  1966,  30  months  after  planting,  the  pine  had  cast 
enough  litter  to  occupy  1  percent  of  the  watershed  surfaces.  The 
:ast  needles  will  accumulate  rapidly  during  the  next  few  years.  Thus, 
iny  future  effects  of  burning  may  be  lessened  by  the  pine. 

SUMMARY 

After  4  years  of  calibration,  two  small  catchments  with  a  native 
;rass  cover  were  burned.  The  fire  consumed  the  standing  vegetation 
ind  over  one-half  the  litter.  An  unburned  catchment  was  maintained 
is  a  control. 

During  the  first  year  after  treatment,  stormflows  from  one 
mrned  catchment  averaged  0.09  area-inch  higher  than  predicted — 
in  increase  of  48  percent  at  the  level  of  the  pretreatment  mean.  The 
ignificant  increases  continued  during  the  second  and  third  years 
ifter  treatment  and  were  due  largely  to  higher  volumes  of  overland 
low.  The  average  instantaneous  peak  flow  was  tripled  the  first  year, 
nd  27  percent  of  the  peaks  during  the  second  and  third  years  were 
ignificantly  higher  than  predicted. 

Identical  treatment  on  a  catchment  with  a  fragipan  soil  did 
ot  change  the  volumes  of  stormflow,  but  significantly  increased 
>eak  discharges  and  that  part  of  stormflows  estimated  as  overland 
low.  These  changes  also  persisted  through  the  third  year.  Soil 
haracteristics,  rather  than  changes  in  cover,  apparently  determine 
he  stormflows  from  this  catchment,  which  has  hydrologically  shallow 
oils. 

During  the  first  year  after  burning,  sediment  production  in- 
reased  from  preburn  means  of  less  than  100  pounds  per  acre  to  3A 
Dn  from  one  catchment  and  to  almost  3  tons  from  the  other.  The 
tons  came  mainly  from  a  small  reactivated  gully.  Sediment  yields 
rom  burned  catchments  also  remained  high  in  relation  to  those  of 
le  control  during  the  second  and  third  years. 

The  fire  bared  one-fourth  of  the  watershed  surfaces,  and  postburn 
issipation  of  the  remaining  litter  increased  the  proportion  of  bare 
oil  to  40  percent.  Cover  was  not  restored  to  preburn  levels  in  3  years. 

The  results  show  that  relatively  small  changes  in  cover  can 
eatly  influence  the  hydrologic  performance  of  small  headwater 
tchments. 
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APPENDIX 


fable  7. — Average  rainfall  by  month  during  study  period 


Month 


1960 


1961 


1962 


1963 


1964 


1965 


1966 


[anuary  ;  (5.04) 
ebruary  (4.22) 
larch  (5.71) 
j^.pril  (4.88) 

ay  (4.38) 

une  (4.34) 
luly  (4.26) 
Ifugust  (3.61) 

|eptember  (3.32) 
October  (2.98) 
November  (4.54) 
fj»ecember  (6.02) 

'otals  (53.30) 


5.33 
3.67 
5.84 
2.05 

2.76 

3.56 

.45 

2.49 

3.93 
4.76 
3.15 
4.53 


0.76 

8.20 

12.87 

2.63 

3.75 
2.13 
2.93 
3.33 

1.60 

1.49 

10.18 

10.62 


6.40 
7.42 
3.82 
5.89 

1.73 
7.07 
4.08 
1.54 

3.75 
1.53 
2.26 
2.23 


Inches 

1.33 
2.66 
5.46 
6.50 

2.16 
2.05 
9.58 
3.09 

3.38 

0 

3.89 

5.30 


4.45 
3.04 
9.09 
9.95 

1.61 
1.89 
8.94 
6.41 

5.36 
2.26 
4.47 
8.46 


4.35 
8.98 
9.10 
1.15 

2.70 

.74 

2.08 

3.73 

4.22 

.86 

1.37 

2.09 


42.52        60.51 


47.70 


iSAverages  for  three  watersheds. 
Long-term  means  at  University, 


2.85 
8.48 
1.72 
7.02 

7.08 
2.33 
3.11 
1.26 

5.15 
2.34 
1.87 
6.58 


45.40        65.93        41.37        49.77 


Mississippi,  shown  in  parentheses. 
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Table  8. — Runoff  by  month  during  study  period 


Month 

Watershed 

1960 

1961 

1962 

1963 

1964 

1965 

1966 

A- 

<-ea-inches  —  ■ 

January 

I 

II 

III 

1.31 

.20 
.13 

0.00 
.00 
.00 

3.56 
.81 
.76 

0.00 
.00 
.00 

1.09 
.25 
.24 

1.42 
.28 
.30 

0.00 
.00 
.00 

February 

I 

II 

III 

.95 
.08 
.07 

4.31 
1.51 
1.26 

4.02 
1.92 
1.59 

.19 
.01 
.00 

.48 
.02 
.02 

5.30 
2.31 
2.23 

4.55 
2.50 
2.21 

March 

I 

II 

III 

2.84 
.80 

.72 

7.45 
4.01 
3.33 

1.08 
.16 
.14 

2.49 
.87 
.81 

4.11 
2.15 
2.31 

5.13 
1.89 
1.93 

.36 
.00 
.03 

April 

I 

II 

III 

.09 
.00 
.00 

.42 
.06 
.01 

2.89 
1.37 
1.22 

2.10 
.96 
.88 

3.94 
1.02 
2.03 

.02 
.00 
.00 

2.70 
1.33 
1.31 

May 

I 

II 

III 

.58 
.10 
.04 

.01 
.00 
.00 

.00 
.00 
.00 

.00 
.00 
.00 

.00 
.00 
.00 

.00 
.00 
.00 

2.11 
.64 
.80 

June 

I 

II 

III 

.06 
.04 
.00 

.00 
.00 
.00 

1.50 
.40 
.18 

.00 
.00 
.00 

.00 
.00 
.00 

.00 
.00 
.00 

.01 
.00 
.00 

July 

I 

II 

III 

.00 
.00 
.00 

.00 
.00 
.00 

.00 
.00 
.00 

1.12 

.05 
.03 

.85 
.08 

.72 

.00 
.00 
.00 

.00 
.00 
.00 

August 

I 

II 

III 

.00 
.00 
.00 

.00 
.00 
.00 

.00 
.00 
.00 

.00 
.00 
.00 

1.74 
1.19 
1.15 

.00 
.00 
.01 

.00 
.00 
.00 

September 

I 

II 

III 

.00 
.00 
.00 

.00 
.00 
.00 

.00 
.00 
.00 

.71 
.10 
.07 

.54 
.26 
.38 

.00 
.00 
.00 

.00 
.00 
.00 

October 

I 

II 

III 

.07 
.15 
.00 

.00 
.00 
.00 

.00 
.00 
.00 

.00 
.00 
.00 

.00 
.00 
.01 

.00 
.00 
.00 

.00 
.00 
.00 

November 

I 

II 

III 

2.70 
.08 
.00 

2.77 

1.06 

.99 

.00 
.00 
.00 

.00 
.00 
.00 

.70 
.02 
.03 

.00 
.00 
.00 

.00 
.00 
.00 

December 

I 

II 

III 

I 

II 

III 

.95 
.21 
.20 

5.71 
2.56 
2.16 

.00 
.00 
.00 

1.97 
.67 
.75 

5.04 
2.48 
2.33 

.00 
.00 
.00 

1.34 

.44 
.36 

Totals 

7.12 
1.66 
1.17 

20.67 
9.20 
7.75 

13.05 
4.67 
3.89 

8.58 
2.66 
2.54 

18.49 
7.46 
9.24 

11.88 
4.48 
4.48 

11.07 
4.93 
4.71 

18 


able  9. 


-Calibration  and  post-treatment  regressions  relating  stormflows  on 
the  control  (X)  and  treated  (Y)  watersheds 


Year 


Regression 


Number 

of 
events 


Mean  yields 


Area-inches  - 


Watershed  I 


'rediction  equation 

960-1963  1.62667X  +  0.19288 

Syx2  =  0.03788,  Sx-> 

'ost-treatment  equations 

1964  1.51639X  + 

1965  1.42564X  + 

1966  1.50220X  + 
964-66  1.51259X  + 

rediction  equation 

960-1963  0.85605X  - 


ost-treatment  equations 

1964  .88372X  + 

1965  .88422X  + 

1966  .89541X  + 
964-1966  88189X  + 


88  0.16928 

8.27959,  r  =  0.933 


.20485 

35 

.21322 

.30473 

18 

.24915 

.33368 

11 

.44788 

.24863 

64 
Watershed  III 

.26366 

.00528 

61 

.22576 

0170,  Sx< 

!  =  6.44388,  r  = 

0.990 

.07781 

34 

.21949 

.02862 

18 

.24915 

.02513 

12 

.41056 

.05552 

64 

.26365 

0.46824 


.52817 

.65993 

1.00648 

.64744 


.18798 


.27178 
.24892 
.39275 
.28803 


able  10.- 

— Calibration    and    post-treatment    regressions    relating    overland 
flows  on  the  control  (X)  and  treated  (Y)  watersheds 

Year 

Regression 

Number 

of 

events 

Mean  yields 

x                          y 

Area-inches 


rediction  equation 


Watershed  I 


)60-1983              1.42598X  +  0.11963 

81 

0.17736 

0.37254 

Sy-x2  =  0.02968,  Sx2 

=  7.09577, 

r  =  0.928 

jst-treatment  equations 

1964                 1.40438X  +     .18604 

32 

.18573 

.44688 

:    1965                  1.25811X  +     .27452 

15 

.20683 

.53423 

1   1966                 1.48944X  +     .20489 

11 

.34390 

.71711 

164-1966              1.41352X  +     .20819 

58 

.22119 

.52085 

Watershed 

III 

1  ediction  equation 

160-1963             0.81682X  -  0.00710 

62 

.21285 

.16676 

Syx2  =  0.00201,  Sxi 

=  5.76836, 

r  =  0.985 

l)st-treatment  equations 

i  1964                   .88651X  +     .08115 

33 

.18010 

.24081 

!  1965                    .90128X  +     .03550 

15 

.20683 

.22191 

|  1966                   .89870X  +     .03787 

11 

.34390 

.34693 

19 


Table  11. — Calibration   and    post-treatment    regressions    relating    peak    dis- 
charges on  the  control  (X)  and  treated  (Y)  watersheds 


Year 


Regression 


Number 

of 
events 


Mean  yields 


C.f.s./acre 


27 

.27081 

.79051 

12 

.31314 

.75691 

9 

.34111 

.90928 

21 

.32513 

.82221 

Watershed  I 
Prediction  equation 

1960-1963  1.17154X  +  0.20914  47  0.30884 

Syx2  -  0.06155,  Sx2  =  7.35005,  r  =  0.885 

Post-treatment  equations 

1964  1.42893X  +  .40354 

1965  2.03313X  +  .12026 

1966  2.Q5962X  +  .20672 
1965-1966             2.04633X  +  .15689 

Watershed  III 
Prediction  equation 

1960-1963  0.87811X  -  0.04782  31  .43652 

Syx2  =  0.02144,  Sx2  =  5.83361,  r  =  0.937 

Post-treatment  equations 

1964  1.03293X  +  58179 

1965  1.44694X  -  .02690 

1966  .95422X  +  .07212 
1965-1966      1.30214X  -  .02103 


22 

.32799 

9 

.41181 

6 

.49949 

15 

.44688 

20 
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Identifying  Juvenile  Seedlings 
In  Southern  Hardwood  Forests 


Louis  C.  Maisenhelder  ! 


The  purpose  of  this  paper  is  to  aid  foresters,  landowners,  and  natural- 
ists in  identifying  first-year  seedlings  of  some  important  trees  and  a 
few  shrubs  in  the  lower  Mississippi  River  Valley  and  similar  environments 
of  the  South.  Ability  to  identify  the  young  seedlings  is  especially  import- 
ant in  forecasting  the  kinds  of  useful  or  weed  vegetation  that  may  develop 
as  silviculture  is  applied. 

The  species  described  include  16  found  only  in  alluvial  bottom  lands, 
32  found  only  in  loess  bluffs  and  other  uplands,  and  20  common  in  both 
locations.  Several  nontree  species,  such  as  poison-ivy  and  snowbell,  are 
included  because  the  seedlings  are  easily  confused  with  those  of  com- 
mercial trees. 

Form  and  color  of  cotyledons,  leaves,  stems,  and  buds  are  described 
and  illustrated.  Cotyledons  never  resemble  mature  leaves,  though  their 
form  is  often  useful  in  identifying  the  plant  during  the  first  few  weeks 
after  germination.  The  first  true  leaves  may  not  be  typical  of  mature 
leaves,  but  by  the  end  of  the  first  year  leaf  or  leaflet  shapes  tend  to 
resemble  closely  those  of  the  older  trees.  Twig  and  bud  characters  are 
shown  because  they  help  to  identify  the  plant  in  the  dormant  season. 

Tables  that  compare  leaves,  stems,  and  buds  are  included  for  ashes, 
elms,  hickories,  and  red  and  white  oaks,  because  seedlings  within  each 
of  these  genera  are  often  difficult  to  separate. 

Latin  and  common  names  follow  Little's  Check  List  of  Native  and 
Naturalized  Trees  of  the  United  States.  Publications  that  were  con- 
sulted are  listed  on  page  77,  but  are  not  otherwise  cited. 


1  Silviculturist  at  the  Southern  Hardwoods  Laboratory,  which  is  maintained  at  Stoneville,  Miss., 
by  the  Southern  Forest  Experiment  Station  in  cooperation  with  the  Mississippi  Agricultural 
Experiment  Station  and  the  Southern  Hardwood  Forest  Research  Group. 


Green  Ash 

Fraxinus  pennsylvanica  Marsh. 

Family  Oleaceae 


Bright  green  leaflets  are  opposite  on  light 
green  stem.  They  resemble  those  of  mature 
trees.  Species  is  found  in  low  flats,  sloughs, 
and  shallow  swamps. 

Cotyledons. — Medium  green  with  prominent 
midrib,  growing  to  1  inch  long  and  Vs  inch 
wide  3  days  after  germination.  Lanceolate 
with  blunt,  rounded  apexes.  Persist  for  several 
weeks.  Difficult  to  distinguish  from  American 
sycamore  in  cotyledon  stage,  but  usually  larger. 

Leaves. — First  true  leaves  appear  a  week 
after  germination  as  opposite  leaflets  on  elon- 
gating stem.  Simple,  elliptical  to  ovate  with 
short,  dull-pointed  apexes  and  wedge-shaped 
bases,  Wz  to  3  inches  long  by  V2  inch  wide; 
smooth;  bright  green  above,  paler  below;  mar- 
gins serrate.  Closely  resemble  leaflets  of  ma- 
ture compound  leaves,  which  do  not  develop 
until  last  half  of  first  growing  season. 


At  3  months  seedling  still  has  no  compound  leaves.    ) 


Table  1. — Seedling  characteristics  of  green,  pumpkin, 

and  white  ash 

Species 

Leaves 

Stem 
traits 

Buds 

Color 

Margin 

Pubescence 

Color 

Green  ash 

Bright  green  above, 

Serrate 

Olive-green  or 

Covered  with 

Brown 

slightly  paler 

gray  at  base. 

brown  woolly 

below 

Leaf  scars 
straight  or 
slightly  notched 
at  top. 

hairs 

Pumpkin  ash 

Upper  surface 

Entire  to 

Light  green  at 

Slightly  hairy 

Brown 

medium  green, 

undulate  or 

first,  becoming 

slightly  paler 

finely  serrate 

dark-green  with 

below 

olive-green  streaks 
at  2  Vz  months. 
Later  brown  to 
gray,  still 
streaked. 

White  ash 

Light  green  above, 

Nearly  entire,  or 

Dark  purple,  be- 

Terminal buds: 

Terminal  bud 

slightly  paler 

with  small 

coming  brown  at 

moderate  and 

dark  brown  t 

below 

rounded  teeth 

maturity.    Leaf 

red-brown. 

black.    Axilli 

scars  V-notched 

Axillary  buds: 

buds:  brown. 

at  top. 

moderate  and 

brown. 

Cotyledons  1  day  after  germin- 
ation; seed  wing  protrudes  from 
soil  after  planting.    X  1  Vx 


>t  2  weeks,  persistent  cotyledons  re- 
smble  those  of  sycamore  but  are 
irger.    X  1 


Stem. — Bright  green  at  terrai- 
ns, shading  to  olive  green  or  gray 
base;  smooth  with  a  few  pale 
nticels  and  round  in  cross  section 
throughout. 

Buds.— Blunt,  ovoid,  1/16  to  Vs 
ich  long.  Terminal  buds  slightly 
Inger  and  sharper  pointed  than 
Iterals.    All  buds  densely  hairy. 


Terminal     bud     at     1     year;     lenticels 
common  on  stem.    X  4 


Pumpkin  Ash 

Fraxinus  profunda  (Bush)  Bush 

Family  Oleaceae 


Leaves  and  cotyledons  are  larger  than  those  of  most  ashes. 
Olive  green  stripes  are  found  on  basal  portion  of  the  stem 
2V£  months  after  germination. 

Cotyledons. — Plant  stem  pushes  through  ground  in  U-shape 
and  cotyledons  emerge  and  unfold  on  second  day  after  germ- 
ination. Upon  appearance,  single  cotyledon  about  Ws  inches 
long  and  V4  inch  wide,  growing  to  2V£  inches  long  by  3/8 
inch  wide  in  first  month.  Linear  with  blunt,  rounded  apex 
and  base;  dark  green  above,  lighter  below,  and  smooth  on 
both  surfaces.  Persist  on  undisturbed  stems  for  as  long  as 
8  months  but  cease  growth  after  first  month. 

Leaves. — First  true  leaves  appear  within  a  week  after 
germination  as  opposite,  simple  leaflets.  Ovate-lanceolate 
with  acuminate  apex  and  wedge-shaped  base;  margin  partly 
entire,  undulate,  or  finely  serrate;  medium  green  above,  paler 
below,  both  surfaces  smooth;  2  to  3  inches  long,  including 
petiole.  Compound  leaves  typical  of  mature  trees  occur 
occasionally  during  first  year. 


Stems  ore  prominently  striped 
at  10  weeks  (left).  Lenticels 
and  leaf  scars  help  identify  1- 
year-old   seedling   (right).    X  2 


Stem. — Round,  smooth,  with  a  few  small,  white  lenticels.  Light 
green  during  first  month,  changing  to  dark  green  with  prominent 
olive  green  stripes  on  basal  portion  by  10  weeks.  Brown  to  gray 
and  still  streaked  at  1  year. 

Buds. — Opposite;  ovate,  obtuse,  and  flattened.  Brown,  slightly 
hairy,  and  1/16  to  Vs  inch  long. 


Seedlings  at  10  weeks  have 
simple  leaves  and  persist- 
ent cotyledons.    X3/10 


Cotyledon  shape  and  size  3  days  after  germination.    X  1 


otyledons     1     week 
fter  germination. 
,2 


Seedling  at  5  weeks. 
Cotyledons  persist  for 
6  months.    X  1 


White  Ash 

Fraxinus  americana  L. 

Family  Oleaceae 


At  T  year  terminal  bud  has 
just    begun    to    open.     X  2 


White  ash  is  difficult  to  distinguish  from 
ther  species,  especially  green  ash,  during  the 
irst  year.  The  site — uplands  or  ridges  and 
igh  flats  in  bottom  lands — on  which  it  occurs 
3  the  most  helpful  guide,  though  not  infallible. 
Jreen  ash  is  common  in  low  flats,  sloughs,  and 
hallow  swamps. 

Cotyledons. — Dark  purple  stem  emerges  in 
J-shape,  and  cotyledons  appear  within  a  few 
ays.  Elliptical  with  rounded  apexes  and  bases; 
ledium  green;  single  cotyledons  are  V2  inch 
ip  length.  Central  vein  prominent  and  light- 
plored  with  a  few  small  branches.  Persist 
b  stem  for  at  least  6  months  but  grow  little 
tter  appearance. 

I  Leaves. — Simple;  opposite;  ovate  with  short, 
siuminate  apex  and  wedge-shaped  base;  margin 


nearly  entire  or  with  small  rounded  teeth. 
Upper  surface  light  green,  paler  below;  smooth 
on  both  surfaces  but  with  a  few  short  hairs 
around  margin.  Typical  compound  leaves  first 
appear  after  6  months  and  have  three  to  five 
leaflets  similar  to  the  first  true  leaves. 

Stem. — Round  throughout;  dark  purple  on 
appearance,  later  changing  to  brown;  smooth; 
lenticels  pale. 

Buds. — Terminals  conical  to  broad-ovoid,  ob- 
tuse, dark  brown  to  black  with  red-brown  hairs, 
about  XA  inch  long.  Axillary  buds  depressed, 
globular,  brown  with  brown  hairs,  smaller 
than  terminal  bud. 


Baldcypress 

Taxodium  distichum  (L. )  Rich 

Family  Pinaceae 


At    1    year    leaves    resemble    those   of 
mature  trees.    X  1/4 


Seedlings  of  this  species  resemble 
pines  when  germinating  but  are  found 
in  or  near  swamps  or  on  very  moist 
sites.  Twigs  bear  needle-like  leaves 
closely  resembling  those  of  mature 
trees. 

Cotyledons. — Light  green;  linear,  re- 
sembling pine  needles. 


Leaves. — Alternate,  in  two  ranks;  linear,  short  pointed 
tip  entire;  sessile;  flat.  Light  green,  lustrous,  with  feathery 
look. 

Stem. — Circular;  smooth;  red-brown  with  gray  stripes 
on  basal  portion  after  first  month.  Twigs  green  to  brown, 
smooth,  and  often  deciduous.  Round,  slightly  elevated 
twig  scars  give  young  stems  rough  surface. 

Buds. — Brown  terminal  and  lateral  buds  very  small  and 
partly  submerged  in  twig. 


Stem  at  1   year  with  slightly  elevated 
twig  sears.  X  1-1/4 


American  Beech 
Fagus  grandifolia  Ehrh. 
Family  Fagaceae 


At  3  weeks  characteristic  leaves  have  developed.    X  4/5 


Large  size  and  truncated  triangular  shape  of 
the  cotyledons  are  distinguishing  characteris- 
tics. Juvenile  leaves  are  similar  to  those  of 
the  mature  tree. 

Cotyledons. — Among  largest  of  hardwood 
species  having  germination  above  ground. 
Sturdy,  thick,  dark  green,  shaped  roughly  like 
truncated  triangle  5/8  of  an  inch  long  and  1 
inch  in  breadth.  Grow  little  after  unfolding 
and  persist  on  seedling  for  a  month  or  more. 

Leaves. — First  leaves  develop  on  elongating 
stem  about  3  days  after  germination  and  in 
2  to  3  weeks  closely  resemble  mature  beech  fo- 


liage. Simple,  straight-veined 
ovate-oblong     with     sharp- 
pointed  apexes,  wedge-shaped 
or  rounded  bases,  and  coarsely 
serrated  margins.   Pale  green 
when  they  unfold,  covered  on 
lower  surface  with  long  silky 
hairs.  After  several  months,  smooth  and  bluish 
green  above,  light  yellow  below,  with  tufts  of 
hair  in  vein  axils.    Prominent  stipules  ovate- 
lanceolate  to  linear. 

Stem. — Olive  green  with  oblong,  orange  len- 
ticels  and  coated  with  easily  shed  hairs  during 
most  of  first  season.  Then  becomes  smooth, 
and  orange  or  reddish  brown.  Round  in  cross 
section  throughout. 

Buds. — Brown;  terminal  buds  cylindrical 
with  prominent  scales,  sharp-pointed  apexes, 
V2  to  1  inch  long  and  Vs  inch  in  diameter; 
lateral  buds  ovoid,  1/32  inch  long. 


Cotyledons  grow  little  after  emerging  (left).    First  leaves 
appearing  3  days  after  germination  (right).    X  1 


Terminal  buds  at  1  year  with 
stipules  and  prominent  scales. 
X4 


Boxelder 

Acer  negundo  L. 

Family  Aceraceae 


Buds  are  opposite  on  a  shiny,  bright  green 
stem.  Leaflets  resemble  those  of  poison-ivy 
or  green  ash. 

Cotyledons. — Upon  first  appearance,  medium 
green,  lanceolate  with  bluntly  rounded  apex, 
1  to  11/2  inches  long  by  Vs  inch  wide.  Grow 
very  little  after  unfolding,  but  persist  for  sev- 
eral weeks. 

Leaves. — Opposite  leaflets  appear  within 
first  week  after  germination.  Upon  unfolding, 
leaflets  densely  coated  with  whitish  hairs  below 
and  slightly  hairy  above,  later  smooth  on  both 
surfaces.  Simple,  ovate  to  elliptical  with  blunt, 
pointed  apexes  and  rounded,  often  unsymmetri- 
cal  bases;  margins  nearly  entire  or  coarsely 
and  irregularly  serrate  above  middle,  occa- 
sionally slightly  lobed.  Petioles  smooth,  slen- 
der. Leaflets  light  green,  VA  inches  long  by 
5/8  inch  wide  at  3  weeks.  Typical  odd-pin- 
nately  compound  leaves  of  3  to  5  leaflets  first 
appear  in  latter  half  of  first  growing  season. 

Stem. — Smooth  and  shiny  at  first,  turning 
bluish    (especially  near  base)    toward  end  of 


Juvenile  leaf  shape  and  arrange- 
ment at  3  weeks.  Cotyledons  per- 
sist for  several  weeks.    X  1 


first  year.  Enlarged  base  of  leaf  petioles 
becomes  large,  conspicuous  scar  surrounding 
the  stem  when  leaves  are  shed. 

Buds. — Terminal  buds,  though  only  Vs 
inch  long,  much  longer  and  more  acute  than 
laterals.  All  buds  purplish  brown  and  cov- 
ered with  white  hairs. 


Cotyledons     and    first     leaflets     1     week     after 
germination.    X2 


Stem  and  buds  at  1  year.  Note 
difference  in  size  of  terminal 
and  lateral  buds  as  well  as  cir- 
cular scars  left  by  leaf  petioles 
below  each   lateral  bud.     X  2 


This  species  occurs  commonly 
as  a  shrub  on  wet  sites.  Prom- 
inent midrib  and  primary  veins 
are  found  on  dark  green  leaves 
with  red  petioles. 

Cotyledons. — Light  green;  o- 
vate-lanceolate  with  sharp- 
pointed  apex;  cotyledon  Vs  inch 
long  by  1/16  inch  wide  on  ap- 
pearance. Shed  within  first 
month. 

Leaves. — Simple;  opposite;  o- 
vate  to  ovate-oblong  with  round- 
ed base  and  acute  to  acuminate 
apex;  margin  entire.  Dark  green 
above,  paler  below;  smooth  on 
Doth  surfaces;  stout,  light  yel- 
ow  midrib  and  several  pairs  of 
;lender  primary  veins  nearly 
paralleling  margin;  petioles  red 
tnd  with  very  small  stipules  at 

>ase.   Whorls  of  three  leaves  frequently  seen  on  more 
nature    plants   but    not    observed    during    first    year. 

Stem. — Circular;  olive-green  when  young,  reddish- 
irown  when  approaching  maturity;  lustrous  and 
mooth;  marked  with  a  few  elongate  white  lenticels. 
jeaf  scars  semicircular  and  connected  by  persistent, 
tlack  stipules. 

Buds. — No  terminal  bud;  axillary  buds  opposite, 
ed-brown,  and  minute. 


Common  Buttonbush 
Cephalanthus  occidentalis  L. 
Family  Rubiaceae 


Stem  and  buds  at   1   year  after 
germination.    X  2 


Buttonbush    seedling    at    3    weeks.     X  1. 
shows   cotyledons   at    1    week.     X  2 


Inset 


At    9    months    leaf    shape    and 
venation  typical.    X  1/4 


Black  Cherry 
Prunus  serotina  Ehrh. 
Family  Rosaceae 


Leaves  and  stem  have  bitter- 
almond  taste.  Juvenile  leaves  re- 
semble those  of  the  mature  plant. 

Cotyledons. — Do  not  appear  a- 
bove  ground. 

Leaves. — On  appearance,  light 
green  and  smooth.  First  pair  op- 
posite on  stem.  After  several 
weeks,  leaves  simple,  alternate,  ob- 
long or  oblong-lanceolate  with  acu- 
minate apexes  and  wedge-shaped 
bases;  margins  finely  serrate,  dark 
green  above,  slightly  paler  below; 
smooth  and  shiny  on  both  surfaces. 


Midrib  light-colored  and  prominent 
below.  Lanceolate  stipules  about 
Vz  inch  long  at  base  of  leaf  petioles 
that  are  shed  early. 

Stem. — At  first,  pink  and 
smooth,  turning  reddish  to  reddish- 
brown  in  a  few  weeks.  By  mid- 
season,  brown  at  base,  changing 
to  light  green  near  terminus; 
smooth;  small  lenticels  round, 
white.  Cross  section  round 
throughout  entire  length. 

Buds. — Broad  ovate  with  obtuse 
apex;  chestnut  brown;  about  Vs  to  J 
%  inch  long. 


Cotyledons  absent  1  week 
after  germination.  Leaf 
shape  and  arrangement  typ- 
ical.   X2 


Stem  and  buds  at  1  year  show  small,  white 
lenticels  (left).  X  2  Details  of  both  terminal 
and  lateral  buds  at  end  of  1 -year-old  stem 
(right).   X  4 


At   10  weeks  leaf  arrangement  alter- 
nate after  first  pair.  X  Vi 
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Kentucky  Coffeetree 
Gymnocladus  dioicus 

K.  Koch 
Family  Leguminosae 


:l.) 


Bark  roughened  by  persistent 
scales  and  heart-shaped  leaf 
scars  at  1  year.  Terminal  bud 
lacking.     X  2 


Pinnately  compound  leaf  has  no 
rminal  leaflet.  Bark  after  midyear 
roughened  by  small,  persistent 
ales. 

Cotyledons. — Do  not  appear  above 
ound. 

Leaves. — Alternate,  pinnately  com- 
und  with  10  to  12  leaflets  opposite 
rachis;  no  terminal  leaflet;  2  to  3 
:hes  long  by  end  of  first  week, 
aflets  ovate  with  acuminate  apexes 
d  rounded  bases;  margin  entire; 
inch  long  by  lA  inch  wide  1  week 
er  germination;  bronze-green  and 

imy  when  they  unfold,  becoming 
:dium    to    dark    green    above    and 

pier  below  after  a  week;  smooth  on 


Superposed  double  buds 
occur  frequently.    X  4 


both  surfaces.  Bipinnately  com- 
pound leaves  characteristic  of  more 
mature  trees  do  not  develop  in  first 
year. 

Stem. — Stout;  round  and  smooth 
with  white  to  orange  lenticels;  light 
green  on  appearance,  turning  green- 
ish-brown by  end  of  first  year.  Bark 
roughened  by  persistent  scales  at 
midyear  and  by  conspicuous,  heart- 
shaped  leaf  scars  in  late  autumn. 

Buds. — Usually  partly  sunken  in 
small  crater;  globular;  smooth;  light 
brown  and  about  1/16  inch  diameter. 
No  terminal  bud;  axillary  buds  fre- 
quently occur  in  pairs,  one  above  the 
other. 
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Eastern  Cottonwood 
Populus  deltoides  Bartr. 
Family  Salicaceae 


« 


For  the  first  few  weeks,  leaf  shape  resembles 
that  of  mature  black  willow.  Triangular  leaves 
typical  of  mature  trees  appear  by  midseason. 

Cotyledons. — Elliptic  during  first  week,  with 
basal  portion  truncated  and  slightly  notched; 
during  second  week,  notch  disappears,  leaving 
cotyledons  trowel-shaped.  Smooth;  dark  green. 
Persistent  for  2  months  on  red,  smooth  stem. 

Leaves. — True  leaves  appear  at  end  of  first 
week.  At  first  lanceolate  with  rounded  apexes 
and  wedge-shaped  bases;  moder- 
ately dark  green,  with  entire  to 
partially  serrate  margins  and 
flat  petioles.  After  several 
weeks,  leaves  grow  broader,  and 
by  midseason  some  are  typically 
triangular  with  rounded  tooth 
margins.  Smooth,  alternate,  light 
green  above,  slightly  paler  be- 
low. 

Stem. — Gray  to  reddish-brown 
with  prominent  elliptic,  white 
lenticels.  Stem  cross  section 
round  near  base,  becoming  an- 
gular higher  up,  especially  near 
terminus. 

Buds. — Reddish-brown,  ovoid, 
and  acute;  lateral  buds  flatter 
than  terminals.  One-half  inch 
or  less  in  length,  usually  with 
light  resinous  coating  and  tri- 
angular leaf  scar  beneath  bud. 


Stem  and  buds  at  1  year.  Leaf 
scar  triangular-shaped  and 
lenticels  prominent,  white.    X  2 


« 


fe 


Seedling  at  2  weeks 
Cotyledons  arc  "troweM 
shaped"  and  leaves  ea 
tire  to  partially  serrare.| 
X  2 


Cotyledons  slightly  notched  at  base  1 
week  after  germination.  First  true 
leaves  appearing.     X  3'  7 


At  6  weeks  leaves  starting  to 
broaden  and  assume  deltoid 
shape.  Cotyledons  still  at- 
tached.    X2 
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Cotyledons  are  roughly  kid- 
ney-shaped. Leaves  are  egg-  or 
leart-shaped  with  round  teeth 
ind  petioles.  At  first  seedlings 
ire  easily  confused  with  eastern 
Cottonwood  and  black  willow 
)ut  are  always  identifiable  by 
otyledons  and,  within  a  few 
yeeks,  by  leaf  shapes. 

Cotyledons. — Oblate  with  nar- 
ow  wedge-shaped  junction 
^here  petiole  joins  long  edge; 
pposite  arrangement  on  red- 
ish-brown,  smooth  stem.  Me- 
ium  green  above  and  below; 
lade  %  inch  long  by  Vz  inch 
ride;  persist  on  stem  for  about 

months. 

Leaves. — First  leaves  appear 
dthin  2  weeks  after  germina- 
on;  simple,  alternate,  with 
Dund  petioles.  For  first  month 
vate  to  slightly  heart-shaped, 
lledium  green,  with  dense  cover- 
lg  of  deciduous  hairs;  margins 
oarsely  serrate  except  on  broad 
ase.  By  midyear  have  assumed 
mature  characteristics:  broadly 
•Irate,  sharp-pointed  or  rounded 
I  apexes,  slightly  heart-shaped, 
tedge-shaped  or  rounded  at 
Uses,  margins  with  very  round- 
el teeth;  dark  green  above,  paler 
lelow,  round  petioles. 


Seedling  of  6  weeks.  Early  leaves 
vary  in  shape.  Cotyledons  still 
persist.    X  1 


Swamp  Cottonwood 
Populus  heterophylla  L. 
Family  Salicaceae 


Stem. — Smooth  by  end  of  first  year  but  lightly  cov- 
ered for  2  to  3  months  with  whitish  hairs;  olive  green 
to  red-brown;  a  few  small,  elongated,  white  lenticels. 
Stem  cross  section  angular  throughout. 

Buds— Red-brown;  smooth;  dull  pointed.  Terminal 
buds  ovoid,  Vs  inch  long;  lateral  buds  more  lanceolate 
and  smaller. 


At   6    months    leaves    have    assumed    typical 
mature  shape.     X  Vi 


Stem  and  buds  at  1  year.  Cross 
section  angular.  Lateral  buds  small 
and  lanceolate.    X  2 
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Cucumbertree 
Magnolia  acuminata  L. 
Family  Magnoliaceae 


Leaf  development  and  coty- 
ledons on  2-week-old  seed- 
ling. Inset  shows  stem 
emerging  before  cotyledons 
appear.    X  2 


Typical  magnolia  leaves  are  medium  green, 
undulate  on  the  plane  surface,  and  decidu- 
ous. Terminal  buds  are  large  and  heavily 
coated  with  white,  silky  hairs. 

Cotyledons. — Elliptical  to  oval  with  round- 
ed to  blunt  pointed  apexes  and  rounded 
to  slightly  heart-shaped  bases;  moderate 
green  and  smooth  on  both  surfaces;  venation 
prominent.  On  appearance  single  cotyledons 
¥2  inch  long  by  3/s  inch  wide  but  more  than 
double  their  size  in  first  month.  Persist  on 
stem  for  almost  6  months  after  germination. 


Leaves. — First  true  leaves  ap- 
pear within  2  weeks  after  germin- 
ation. Simple;  alternate;  bunched 
near  stem  terminal;  deciduous,  un- 
like those  of  southern  magnolia. 
Ovate  to  oblong-obovate  with 
short-pointed  to  acuminate  apexes 
and  rounded  to  wedge-shaped 
bases;  margin  entire  and  undulate 
on  plane  surface;  medium  green 
above,  paler  below;  smooth  on  both 
surfaces;  4  inches  long  by  2  inches 
wide  in  6  months. 

Stem. — Emerges  from  ground  in 
U-shape;  easily  and  rapidly  frees 
cotyledons  from  soil.  Stout;  round, 
and  smooth;  red  on  appearance, 
changing  to  purple,  then  olive 
green  or  gray  by  year's  end; 
marked  with  a  few  small  white 
lenticels  and  horseshoe-shaped  leaf 
scars  whose  ends  are  connected  by 
narrow  stipule  scars  extending  a- 
round  stem. 

Buds. — Terminal:  ellipsoid  with 
acuminate  but  blunt-pointed  apex, 
light  green  and  densely  covered 
with  silky,  white  hairs;  about  3/k 
inch  long  and  Vs  inch  wide.  Axil- 
lary: ovoid  compressed;  light 
green;  moderately  pubescent  with 
soft  white  hairs  especially  near 
apex;  about  Vs  inch  long  and  near- 
ly surrounded  by  narrow  leaf  scar. 


Stem  at  1  year.  Note  rela- 
tive size  and  arrangement 
of  buds.    X  2 
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Compound  leaves,  frequently 
with  spines,  are  clustered  near  the 
terminus  of  a  spiny  stem. 

Cotyledons. — Oval  with  rounded 
apex  and  base;  dark  green  and 
smooth  on  both  surfaces;  V4  inch 
long  by  Vs  inch  wide.  Persist  on 
plant  through  first  3  months. 

Leaves. — First  true  leaves  ap- 
pear 5  days  after  germination. 
First  pair  opposite,  later  ones  al- 
ternate; pinnately  compound  with 
three  to  five  leaflets.  By  end  of 
first  year  some  leaves  doubly 
compound;  pinnae  with  two  to 
three  pairs  of  leaflets  and  terminal 
leaflet.  Leaflets  ovate  with  acu- 
minate apex  and  rounded  base; 
margin  finely  serrate;  medium 
green  above,  lighter  gray-green 
below.  Upper  surface  with  quite 
a  few  fine  spines,  sparser  below 
and  mainly  along  midrib  and  main 
lateral  veins.  Leaf  petioles  light 
purple  and  with  a  few  prickles; 
swollen  at  base. 

Stem. — Reddish-violet  for  first 
few  weeks,  changing  to  brown  on 
more  mature  portions  by  3  months; 
smooth  and  circular.  Leaf  scars 
conspicuous,  narrow  and  nearly 
encircle  stem. 

Buds. — Chestnut  brown  and 
smooth;  terminal  ones  cone-shaped 
with  blunt  apexes,  3/16  to  3/8  inch 
long;  axillary  buds  triangular  and 
flattened,  smaller  than  terminal 
ones. 


Devils- Walkingstick 
Aralia  spinosa  L. 
Family  Araliaceae 


Cotyledons   2  days  after  germ- 
ination.   X  3 


Leaf  detail  at  1 1  weeks.    Note  spines  on  upper  surface.    X  2/3 


Stem  and  terminal  bud  at  1 
year.  Note  prominent  leaf 
scars  bunched  at  end  of 
stem.   X  4 
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Flowering  Dogwood 
Cornus  florida  L. 
Family  Cornaceae 


Stems  are  red  when  young.  Typical 
dogwood  leaf  venation  shows  lateral 
veins  curving  upward  toward  the  leaf 
tip.  Red  coloration  is  occasionally  seen 
along  veins  about  a  month  after  germ- 
ination. 

Cotyledons. — Ovate  with  bluntly 
rounded  apex  and  slightly  wedge- 
shaped  base;  medium  green  on  upper 
surface,  a  little  lighter  below.  Venation 
much  like  that  of  mature  foliage.  Size 
more  than  doubles  in  first  month,  grow- 
ing from  spread  of  ZA  of  an  inch  to  2 
inches. 

Leaves. — First  true  leaves  appear  a- 
bout  4  days  after  germination;  before 
unfolding  resemble  pine  needles  (see 
cotyledon  photo)  but  are  much  more 
delicate.  When  unfolded,  simple,  oppo- 
site, ovate  to  elliptic,  often  narrowed  to 
slender  point  at  apex  and  with  wedge- 
shaped  base;  light  to  medium  green 
above,  pale  gray-green  below;  margin 
entire;  smooth  on  both  surfaces;  and 
with  prominent  midrib  and  parallel 
lateral  veins  curving  toward   leaf  tip. 

Stem. — Circular;  red  at  first,  becom- 
ing bright  green  when  actively  growing, 
later  turning  reddish-brown,  especially 


near  base;  slightly  hairy.  Nearly 
encircled  by  narrow  ring-like 
leaf  scars. 

Buds. — Ovoid,  acute;  light 
green;  slightly  hairy;  about  3/16 
inch  long.  Terminal  buds  with 
two  valvate  scales,  and  slightly 
longer  than  axillary  buds. 


Cotyledons  and  first  leaves  4  days 
after  germination.     X  2 


Stem,   buds,  and  leaves  at   1    year. 
X2 
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Cotyledons  3  days 
after  germination. 
X2 


*IL 


Roughleaf  Dogwood 

Cornus  drummondii  C.  A.  Meyer 

Family  Cornaceae 


Opposite  leaves  with  typical  dogwood  venation  and  rough  upper 
surface  develop  within  the  first  6  months. 

Cotyledons. — Elliptic  to  oblong  with  bluntly  rounded  apex  and 
base;  midrib  and  lateral  veins  noticeable;  medium  green  and  smooth 
on  both  upper  and  lower  surface;  single  cotyledon  3A  inch  long  and 
%  inch  wide. 

Leaves. — First  leaves  appear  within  a  week  after  germination; 
simple,  opposite;  ovate  to  ovate-lanceolate  with  acute  to  acuminate 
apexes  and  usually  rounded  bases;  margins  entire.  Upper  surface 
olive  to  medium  green  and  roughened  by  short  white  hairs  within 
a  month,  paler  below  with  some  pubescence;  conspicuous  veins  run 
parallel  to  leaf  margin. 

Stem. — Round;  light  green  and  slightly  hairy  when  they  appear, 
usually  turning  pale  red  to  red-brown  toward  end  of  first  year; 
remaining  slightly  hairy. 

Buds. — All  buds  reddish-brown  and  covered  with  whitish  hairs. 
Terminal  buds  lanceolate  with  sharp  point,  3/16  inch  long;  axillary 
buds  ovoid  and  blunt,  about  1/16  inch  long. 


Stem  and  buds  hairy, 
reddish-brown  at  1  year. 
X4 


Seedling  at  1  month.  Note  rough 
upper  surface  of  leaves  due  to  short 
white  hairs.    X  2 
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Seedlings  at  2  weeks. 
Inset  shows  cotyledons  1 
week  after  germination. 
X2 


American  Elm 
Ulmus  americana  L. 
Family  Ulmaceae 


Stem  and  buds  at  1    year.  X  2 


Leaves  and  buds  are  opposite  on  first- 
year  stems.  Primary  venation  is  parallel 
from  midrib  to  leaf  serration  points.  Leaf 
surface  and  stems  are  rough. 

Cotyledons. — Medium  green,  broadly 
oval  and  smooth  on  both  surfaces,  V4  inch 
long  by  3/16  inch  wide.  More  nearly 
round  at  apexes  than  those  of  other  elms, 
but  comparisons  are  necessary  to  make 
distinction  clear.  Persist  on  seedlings  for 
several  months  after  germination. 

Leaves. — First  leaves  appear  on  elon- 
gating stem  within  2  weeks  after  germin- 
ation. Simple;  oblong-elliptic,  narrowing 
abruptly  at  apexes  to  long  sharp  points; 
bases  symmetrical  and  wedge-shaped; 
margins  coarsely  serrate;  parallel  pri- 
mary veins  extend  from  midrib  to  points 
of  teeth.  Dark  green;  leaf  surface  rough 
above,  smooth  to  downy  below.  Opposite 
in  first  season,  alternate  thereafter  and 
on  sprouts  growing  from  broken  or  sev- 
ered first-year  stems.  Alternate  the  first 
year  in  other  elm  species,  except  Septem- 
ber elm,   and   occasionally   slippery   elm. 

Stems. — At  first  light  green  and  coated 
with  soft  pale  hairs,  gradually  changing 
to  reddish-brown  and  marked  by  scattered 


pale  lenticels.  After  the 
first  few  weeks  become 
rough  to  the  touch.  Round 
in  cross  section  throughout. 
Buds. — Ovoid,  pointed 
and  slightly  flattened,  Vs 
inch  or  less  in  length  with 
ovate  chestnut  brown 
smooth  scales.  Arrange- 
ment on  stem  like  that  of 
leaves:  opposite  during  first 
year,  later  becoming  alter- 
nate. On  1-year  twigs, 
upper  set  of  laterals  and 
terminal  form  bud  cluster 
like  those  of  oaks,  but 
smaller.  Leaf  scars  below 
buds  are  prominent,  ele- 
vated, semicircular,  and 
show  ends  of  three  large 
fibrovascular  bundles. 


^_   T^^*^~~  ^^^^^_. 

fc*  '■£* 

W^^^WB^ 

1  JfV 

1           wjfr                  H 
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Leaf  arrangement  opposite  at  2  months. 

X    l/2 
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Cedar  Elm 

Ulmus  crassifolia  Nutt. 

Family  Ulmaceae 


Stem  and  buds  at  1   year. 
X2 


Small,  typical  elm  leaves  are  alternate  and 
have  rounded  tips.  Upper  surface  is  rough. 
Small  corky  wings  develop  on  stem  late  in  the 
first  year. 

Cotyledons. — On  appearance  dark  green; 
smooth;  roughly  rectangular  with  decidedly 
truncate  apexes;  3  16  inch  long  by  Vs  inch 
wide.  Grow  little  if  any  after  appearance  and 
are  shed  during  first  half  year. 

Leaves. — Simple;  alternate;  ovate  with  a- 
pexes  rounded  or  sometimes  acute  and  bases 
rounded  to  slightly  heart-shaped;  margin 
coarsely,  doubly  serrate;  dark  green  and  lus- 
trous above,  paler  below;  small  stipules  present. 
Upper    surface    thickly    covered    with    minute 


sharp-pointed  tubercles  that  produce  roug 
texture.  Lower  surface  smooth  or  with  span 
white  pubescence.  Prominent  parallel  venatio 
below,  extending  in  straight  lines  from  midri 
to  margin.  This  species,  water  elm,  and  wingc 
elm  only  ones  with  alternate  leaves,  buds,  an 
twigs  at  first  appearance. 

Stem. — Round;  at  first  olive  green  to  ligl 
brown,  appearing  slightly  striped  and  covere 
with  moderately  dense  coating  of  short,  stif 
white  hairs  that  produce  rough  texture.  B 
midyear  changing  to  red-brown  and  becomin 
smooth;  marked  with  very  few,  small,  incor 
spicuous,  round,  white  lenticels.  A  few  sea 
tered,  intermittent  patches  of  corky  wings  o 
stem  and  lateral  twigs;  wing  development  moi 
extended  after  first  year. 

Buds. — Ovoid  and  blunt;  chestnut-browi 
slightly  hairy;  Vs  inch  or  less  in  length.  Tern 
inal  bud  lacking. 


Seedling  at  2'  2  months. 
Upper  surface  of  leaves 
rough.    X  1 


Corky  wings  on  stem 
at  8  months  (just  be- 
low both  lateral 
branches).     X  1 


Cotyledons  at  5   days. 
X2 
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Basal  portion  of  6-month-old  stems.  Note 
three-ranked  corky  wings  and  first  lateral 
branch     (center)    with     alternate     leaves.     X  Vi 


Corky  wings  develop  abundantly  in 
three  ranks  around  the  main  stem  by  mid- 
season  of  the  first  year. 

Cotyledons. — Oval  with  definitely  trun- 
cated apexes  and  rounded  bases;  medium 
green  and  smooth  on  both  upper  and  lower 
surface;  single  cotyledon  !4  inch  long  and 
3/16  inch  wide  on  appearance.  Grow 
little,  if  any,  but  persist  on  plant  for  about 
3  months  after  germination. 

Leaves. — First  leaves  appear  by  close 
of  first  week.  Simple;  opposite;  oblong 
to  ovate  with  acute  to  acuminate  apexes 
and  rounded  bases;  margins  coarsely  and 
doubly  serrate;  medium  green  above,  paler 
below;  at  first  smooth  on  both  surfaces 
but  after  6  months  very  finely  pubescent 
above  and  starting  to  develop  rough  upper 
surface.  About  3  inches  long  by  W2.  inches 


September  Elm 
Ulmus  serotina  Sarg. 
Family  Ulmaceae 


wide  2  months  after  germination.  First 
lateral  branches  opposite,  developing  in 
latter  half  of  first  year  in  leaf  axils 
along  main  stem,  but  leaves  forming  on 
them  arranged  alternately. 

Stem. — Circular;  at  first  green,  turn- 
ing to  brown  with  maturity;  lightly  pu- 
bescent on  younger  portions.  Usually, 
three  ranks  of  light  tan  corky  wings 
develop  on  lower  portions  of  stems  after 
6  months.  These  wings  more  abundant 
and  continuous  along  stem  than  on  other 
species  where  they  develop. 

Buds. — Terminal  ones  lacking,  ax- 
illaries  ellipsoid  with  acute  apexes; 
smooth;  chestnut  brown;  Vs  inch  long 
at  end  of  first  year. 


Stem   and   buds  at  end  of  first 
growing  season.    X  2 


Cotyledons  after  2  weeks.    X  2 
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Slippery  Elm 
Ulmns  rubra  Muhl. 
Family  Ulmaceae 


Four-month-oid  seedlings.  Plant  at  left  illus- 
trates occasional  alternate  arrangement  of 
leaves  during  the  first  year.    X  3/10 


At  3  weeks  leaf  margins  more  coarse- 
ly serrate  than  on  older  plants.    X  2 


Cotyledons  3  days  after 
germination.    X  2 


Leaves  show  characteristic  elm 
form  and  venation  but  have  rough, 
sandpapery  upper  surfaces  and 
long  tapering  apexes. 

Cotyledons. — Oval  with  trun- 
cated apexes  and  round  to  slightly 
heart-shaped  bases;  medium  to 
dark  green  on  both  surfaces;  at 
first  slightly  pubescent  with  short 
white  hairs  around  margin  and  on 
upper  surface;  smooth  below;  be- 
coming smooth  on  both  surfaces 
after  about  a  month. 

Leaves. — First  true  leaves  ap- 
pear within  3  days  after  germina- 
tion. Simple;  principally  opposite, 
occasionally  alternate;  ovate  to 
oblong-ovate  with  acuminate  a- 
pexes  and  round  to  wedge-shaped 
bases;  margins  coarse  and  doubly 
serrate;  dark  green;  smooth  above 
and  slightly  pubescent  below  along 
veins  and  margin  for  first  month; 


Terminal  portion  of 
stem  at  1  year. 
Note  typical  leaf 
scar  and  stem  pu- 
bescence.   X  4 


later,  short  tubercles  pointing  to- 
ward apex  develop  on  upper  sur- 
face producing  characteristic 
rough  texture  of  leaves;  soft  hairj 
below.  About  1  inch  long  and  5/1 
inch  wide  1  month  after  germina- 
tion; longer  and  broader  than  those 
of  winged  elm. 

Stem. — Light  red  and  moderate- 
ly hairy  on  appearance,  changing 
to  green  in  a  few  weeks  while  re- 
maining coated  with  short  red  or 
white  hairs;  turning  brown  and 
marked  with  considerable  number 
of  small,  white  lenticels  and  ele- 
vated nearly  round  leaf  scars  by 
close  of  first  year.  Round  through- 
out length  and-  roughly  hairy. 

Buds. — Broadly  ovoid  and  blunt- 
pointed;  dark  chestnut-brown; 
moderately  pubescent  with  rusty 
hairs;  Vs  to  V4  inch  long.  Terminal 
buds  lacking. 
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Winged  Elm 
Ulmus  alata  Michx. 
Family  Ulmaceae 


Cotyledons   2    days 
after  germination. 
X2 


Typical    leaf    size,    shape,    and    serration    at    1 
month.     X  1 


Small,  sharp  pointed  leaves  have  typical  elm 
venation.  Corky  wings  form  on  stem  near  end 
of  the  first  year.  This  tree  is  not  found  on  wet 
sites. 

Cotyledons.— Oval;  apexes  shallowly  notched 
and  bases  heart-shaped;  light  green  and  smooth 
on  both  surfaces;  persist  on  plant  for  1  to  2 
months. 

Leaves. — First  leaves  appear  within  1  week 
after  germination.    Simple;  first  pair  opposite, 


Stem  light  reddish-brown  at 
1  year  and  growth  zigzag. 
Lenticels  white  to  orange. 
X2 


subsequent  ones  alternate;  ovate  to  oblong- 
lanceolate  with  acute  to  acuminate  apexes  and 
rounded  to  wedge-shaped  bases;  margins 
coarsely  and  doubly  serrate;  dark  green  above, 
slightly  paler  below;  smooth  on  both  surfaces. 
Small  stipules  present.  Pointed  leaves  help  dis- 
tinguish seedlings  of  this  species  from  cedar 
elm. 

Stem. — Circular;  zigzag,  especially  at  end  of 
stem;  slightly  hairy  to  smooth;  at  first  light  to 
olive  green,  becoming  light  reddish-brown  in 
latter  portion  of  first  year;  marked  with  a  few 
small  white  to  orange  lenticels.  Two  corky 
wings  begin  to  develop  opposite  each  other  on 
stem  late  in  first  year. 

Buds. — Slender  and  sharp-pointed;  chestnut 
brown;  slightly  hairy;  1/16  inch  long.  No 
terminal  buds. 
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Hackberry 

Celtis  occidentalis  L. 

Family  Ulmaceae 


Notched  cotyledons  identify  the  genus  but  not  the 
species.  Like  sugarberry,  the  young  seedlings  have  a 
flat,  spray-like  appearance,  resulting  from  alternate  twig 
arrangement  in  the  same  plane. 

Cotyledons. — Elliptical  with  deeply  notched  apex  and 
round  to  truncated  base;  light  green  and  smooth  on  both 
surfaces.  Single  cotyledons  about  %  inch  long  and  % 
inch  wide  upon  emergence  and  grow  very  little.  Persist 
on  plant  for  3  months. 

Leaves. — First  leaves  appear  during  first  week  after 
germination  and  plant  grows  rapidly.  Simple,  alternate 
after  first  pair,  which  is  opposite;  ovate  to  ovate-lanceo- 
late with  acute  to  short-acuminate  apexes  and  rounded 
to  truncate  bases;  margins  coarsely  serrate;  upper  surface 
dark  green  with  moderate  coating  of  short,  stiff  hairs 
or  tubercles  that  produce  rough  texture;  lower  surface 
a  little  lighter  green  than  upper  and  smooth;  2  to  3  inches 
long  at  6  months. 

Stem. — Circular  throughout;  green  at  first,  changing 
to  reddish  or  dark  brown  in  latter  half  of  first  year, 
marked  with  moderate  number  of  small,  round  to  oblong, 
white  lenticels;  slightly  pubescent  with  short  white  hairs. 
Growth  zigzag;  early  leaves  and  lateral  branches  develop 
in  single  plane,  producing  typical  spray-like  appearance. 

Buds. — Ovoid,  blunt  pointed;  chestnut  brown;  sparsely 
pubescent;  1    16  inch  long.    Terminal  buds  lacking. 


Stem    and    buds    at    1 
year.     X  2 


At  6  months  mature  leaf  traits 
and  spray-like  form  of  young 
plants  help  to  identify  species. 
X  1/4 
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Cotyledons  3  days  after  germination.     X  2 


Hawthorn 
Crataegus  L. 
Family  Rosaceae 


Stem  at   1    year  bears 
spines.  X  1  \  7 


At  1  month  lobinq  starts.  X  3.  Inset 
shows  cotyledons  and  first  leaf  at  1 
week.    X  2 


Note :  The  species  of  plant  described  below 
was  not  definitely  established  but  appears 
likely  to  have  been  littlehip  hawthorn,  C. 
spathulata  Michx.  It  is  used  to  illustrate 
seedling  development  for  the  difficult-to- 
separate  species  of  this  genus. 

Hawthorn  general:  small  leaves  variously 
toothed,  lobed,  and  notched;  stems  with  long 
slender  spines  at  nodes.  Species  illustrated: 
ovate  leaves,  three-  to  five-lobed  at  apex, 
tapering  to  winged  petioles  with  large,  foli- 
aceous,  serrate  stipules  at  their  base. 

Cotyledons. — Oval  with  rounded  apexes  and  rounded  to  trun- 
cate bases;  medium  green  and  smooth  on  upper  surface;  single 
cotyledon  %  inch  long  by  3/16  inch  wide  after  1  week.  Persist 
on  plant  for  about  1  month. 

Leaves. — First  leaves  appear  within  week  after  germination. 
Simple;  alternate;  ovate,  mostly  three-  to  five-lobed  at  apex; 
finely  serrate  on  margin,  wedge-shaped  base  entire  and  tapering 
to  winged  petiole;  apexes  acute;  dark  green  and  smooth  above, 
gray-green  below  with  a  few  hairs  along  veins;  2Vz  to  3  inches 
long  by  1  inch  wide.  Foliaceous  stipules  with  serrate  margins  at 
base  of  leaves. 

Stem. — Circular;  greenish  to  red-brown;  smooth;  marked 
with  a  few  round  white  lenticels.  Growth  slightly  zigzag.  Usu- 
ally armed  at  nodes  with  slender,  sharp,  smooth,  brown  spines 
Vi  inch  or  more  in  length. 

Buds. — Globular;  smooth;  dark  red-brown;  1/16  inch  or  less 
in  diameter  and  occurring  beside  spines  when  stem  is  armed. 


Seedling  late  in  first  year.    X  V% 
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Stem  and  buds  at   1    year.    X  2 


This  species  generally  has 
smaller  leaflets  than  other 
hickory  species.  The  term- 
inal bud  is  bright  yellow. 

Cotyledons. — Do  not  ap- 
pear above  ground. 

Leaves. — First  leaves  are 
opposite  pair,  odd-pinnately 
compound  with  three  leaf- 
lets, terminal  one  large. 
Later  leaves  alternate  and 
may  have  as  many  as  five 
leaflets.  Leaflets  ovate  to 
ovate-lanceolate  and  sessile 
or  nearly  so,  terminal  leaf- 
lets slightly  petioled,  acute 
to  acuminate  at  apex  and  with  wedge- 
shaped  bases;  margins  finely  serrate; 
tinged  with  red  as  they  unfold  and 
heavily  pubescent  with  short  white 
hairs  above  and  below,  becoming 
moderate  to  light  green  above,  slight- 


Leaves  at  2  weeks.    X  2 


Bitternut  Hickory 
Carya  cordiformis 

(Wangenh.)  K.  Koch 
Family  Jugiandaceae 


Leaves  at  6  months.    X  1 


ly  paler  below  and  smooth  on  both  surfaces  after  a  few  weeks. 
Terminal  and  larger  lateral  leaflets  2*2  to  3  inches  long  by  mid- 
year, generally  smaller  than  those  of  most  other  species  of  hickory. 

Stern. — Round  throughout;  smooth;  red  for  first  month,  changing 
to  light  brown  striped  with  green  by  midyear;  few  small  white 
lenticels. 

Buds. — Slender  and  bright  yellow  with  valvate  scales;  scurfy 
pubescent;  terminal:  ' 4  to  '  2  inch  long,  oblique  at  apex;  axillary: 
two-angled,  often  stalked;   'it  to  3    16  inch  long. 
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Mockernut  Hickory 
Carya  tomentosa  Nutt. 
Family  Juglandaceae 


Stipules  persist  at  1  year.    X  2 


At  3  weeks  plant  sometimes  has  a  simple 
leoflet.    X  </2 


wide,  laterals  about  W2 
inches  long  and  %  inch 
wide  3  months  after  germ- 
ination. 

Stem. — R  o  u  n  d  ;  light 
brown;  smooth  and  marked 
with  conspicuous  pale  len- 
ticels. 

Buds. — Broadly  ovoid,  a- 
cute  to  blunt-pointed;  light 
brown;  smooth;  terminal: 
V4  inch  long;  axillary:  1/16 
inch  long. 


Large,  plump  terminal  buds  are 
among  the  largest  of  those  of  hick- 
ories. Leaves  have  a  resinous  frag- 
rance when  crushed. 

Cotyledons. — Do  not  appear  a- 
bove  ground. 

Leaves. — Alternate;  odd-pinnate- 
ly  compound  with  three  leaflets, 
single  leaflets  sometimes  occur  on 
plants  in  first  year.  Leaflets  ovate 
to  ovate-lanceolate  with  acute  to 
acuminate  apexes  and  wedge- 
shaped  to  rounded  bases;  lateral 
leaflets  sessile  or  nearly  so,  term- 
inal ones  with  short  petiole.  Mar- 
gins coarsely  serrate;  medium 
green  above  and  paler  below; 
smooth  on  both  surfaces;  promin- 
ent stipules.  Terminal  leaflets  3 
to  4   inches   long   and   2V/2    inches 


Leaf  shape  and  sire  after  3  months.    X  3/4 
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Terminal  portion  of  1 -year-old 
stem.  Note  scaly  appearance 
and  minute  axillary  buds.    X  4 


Nutmeg  Hickory 

Carya  myristicaejormis  (Michx. 

Nutt. 
Family  Juglandaceae 


f.) 


Leaf  arrangement  at  2  months.    X  1 


Midrib  on  the  lower  surface  is 
hairy.  The  small  brown  buds  are 
scurfy  pubescent  with  valvate  scales. 

Cotyledons. — Do  not  appear  above 
ground. 

Leaves. — Alternate;  compound, 
having  three  leaflets;  terminal  leaf- 
lets ovate  to  broadly  elliptical  with 
long  tapering  base  and  apex,  petiole 
short,  lateral  leaflets  elliptical  with 
obtuse  apexes  and  rounded  bases, 
nearly  sessile;  margins  finely  serrate; 
medium  green  and  smooth  on  both 
surfaces  except  for  some  pubescence 
along  midrib  below.  Terminal  leaf- 
lets Wi  inches  long  and  3A  to  1  inch 
wide;  lateral  ones  1  inch  long  and 
Vi  to  %  inch  wide  2  months  after 
germination. 


Stem. — Pink  to  light  red  on  appearance,  be- 
coming brown  by  end  of  first  year;  round; 
coated  with  golden  to  brown  scales. 

Buds. — Covered  with  thick  brown  scurfy 
pubescence;  bud  scales  valvate;  terminal  bud 
long  ovoid  with  somewhat  obtuse  apex,  Vs  to 
J4  inch  long;  axillary  much  smaller,  acute  and 
slightly  blunted. 


Seedling  at  1   week.    X  2 
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Pignut  Hickory 

Carya  glabra  (Mill.)  Sweet 

Family  Juglandaceae 


Terminal  portion  of  stem  at  1  year. 
Lenticels  white.    X  4 


No  particularly  useful  characteristics  are  observed.  This  species  is 
difficult  to  distinguish  from  mockernut  hickory. 

Cotyledons. — Do  not  appear  above  ground. 

Leaves. — Alternate;  mostly  odd-pinnately  compound,  terminal  and 
two  lateral  leaflets,  but  simple  leaves  sometimes  occur;  terminal  leaflets 
ovate,  have  short  petiole  and  are  4  to  5  inches  long  and  l'AA  inches  wide 
at  midyear;  lateral  leaflets  lanceolate-ovate,  sessile,  and  Wi  inches  long 
by  Vz  inch  wide  at  midyear.  All  leaflets  have  acuminate  apexes  and 
rounded  or  wedge-shaped  bases;  margins  finely  serrate;  upper  surface 
dark  to  medium  green,  lower  surface  a  little  paler;  both  surfaces  smooth. 

Stem. — Circular  throughout;  for  first  few  weeks 
reddish  to  red-brown  and  slightly  pubescent;  be- 
coming dark  brown,  smooth  and  marked  with  mod- 
erate number  of  small  white  lenticels. 

Buds. — Ovoid  with  acute  apexes;  light  brown; 
smooth;  terminal  ones  lA  inch  long,  axillary  ones 
Vs  inch  long. 


Leaf   shape   and    size   at   midyear.     X  Vi 


Seedling  at  3  weeks  after  germination. 
Note  two  types  of  leaves  and  arrange- 
ment on  stem.    X  1 
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Stem  and  buds  at  1  year.  Note 
elevated  leaf  scars  and  prominent 
lenticels.    X  2 


Water  Hickory 
(frequently  Bitter  Pecan) 
Carya  aquatica  (Michx.  f.) 
Family  Juglandaceae 


1 

•  • 

r  1 1 

i^^H 

No  outstanding  characteristics  separate  this 
species  from  pecan  (Carya  illinoensis ) ,  the  only 
seedling  hickory  with  which  it  is  easily  confused. 
Site  is  probably  the  best  identification  guide; 
water  hickory  frequents  low,  wet  flats,  while 
pecan  is  found  only  along  riverfronts  and  on 
ridges  elsewhere. 

Cotyledons. — Do  not  appear  above  ground. 

Leaves. — Alternate;  simple;  lanceolate-ovate 
with  acute  apexes,  bases  symmetrical  and  rounded 
or  unsymmetrical  and  wedge-shaped;  margins 
finely   serrate.     Red    to   maroon   on    appearance, 


Stem     extremity     and     terminal 
bud  slightly  hairy  at  1  year.  X  4 


Seedling   3  weeks  after  germination.    XI 


changing  to  medium  green  after  a  few  weeks; 
smooth  and  shiny  above  and  sometimes  hairy 
beneath.  Typical  odd-pinnately  compound  leaves 
of  more  mature  plants  do  not  develop  until  near 
end  of  first  growing  season  or  in  second  year. 

Stem. — Dark  reddish-brown  to  gray,  at  first 
coated  with  loose  pale  woolly  hairs,  later  smooth 
with  numerous,  small,  white  lenticels.  Marked 
in  winter  by  small,  nearly  oval  or  triangular, 
elevated  leaf  scars.  Stem  cross  section  round 
throughout. 

Buds. — Winter  buds  slightly  flattened  and 
pointed;  dark  reddish-brown;  terminal  Vx  to  14 
inch  long,  often  hairy;  lateral  buds  much  smaller. 
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Honeylocust 
Gleditsia  triacanthos  L 
Family  Leguminosae 


Small  leaflets  resemble  those  of  mi- 
mosa. Abundant  three-forked  thorns 
are  distributed  uniformly  along  stem 
and  are  well  developed  by  the  latter 
half  of  the  first  year. 

Cotyledons. — Oval  with  rounded 
apexes  and  slightly  notched  bases; 
light  green  and  smooth  on  both  sur- 
faces; individual  cotyledon  V2  inch 
in  length.  Persist  on  stem  for  about 
a  month. 

Leaves.— First  leaves  appear  with- 
in a  few  days  after  germination.  Al- 
ternate; once  pinnately  compound 
during  first  year;  1  to  2ly2  inches 
long;  leaflets  15  to  30  opposite  or 
alternate  on  rachis;  almost  sessile; 
V2  inch  long  and  3  16  inch  wide; 
oblong-lanceolate  with  rounded  a- 
pexes  and  bases;  margin  with  very 
small,  rounded  teeth  to  entire;  medi- 
um green  and  lustrous  above,  paler 
below;  both  surfaces  smooth. 

Stem. — Red-brown  at  first,  becom- 
ing light  gray-green  by  end  of  first 
year;  zigzag;  circular;  and  with  mi- 
nute lenticels.    Armed  after  midyear 


At  1  year  stem  is  zig- 
zag and  light  gray- 
green.    X  2 


with  purple-brown,  stout, 
rigid  spines  '4  to  V6  inch 
long;  mainly  three-pointed 
but  sometimes  simple.  Dis- 
tribution along  stem  fairly 
uniform  as  contrasted  with 
bunching  near  base  found 
on  water  locust. 

Buds. — R  e  d-b  r  o  w  n  ; 
smooth;  terminal  bud  lack- 
ing; axillary  buds  minute 
and  inconspicuous. 


Cotyledons     and     first 
leaf    at    3    days.     X  2 


Thorn  development  on  8-month-old  locust  seedlings. 
Evenly  distributed  along  stem  on  honeylocust  (left); 
larger  and  branched,  with  concentration  near  base  on 
waterlocust  (right).    X  3/10 
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At  1  year  stipules  persist 
at  nodes.    X  2 


Coarse,  doubly  serrate  leaf 
margins  have  short  bristles  at 
serration  tips.  Venation  is  prom- 
inent and  similar  to  that  on  elm 
leaves. 

Cotyledons. — Elliptical  with 
rounded  apexes,  slightly  notched 
bases,  and  very  short  petioles; 
dark  green  above,  gray-green  be- 
low, and  smooth  on  both  sur- 
faces. Single  cotyledon  5/16 
inch  long  and  Vs  inch  wide  on 
appearance  and  grows  little  be- 
fore being  shed  about  2  months 
after  germination. 

Leaves. — First  leaves  appear 
during  first  week.  Simple;  alter- 


Eastern  Hophornbeam 
Ostrya  virginiana  (  Mill. )  K. 

Koch 
Family  Betulaceae 


Cotyledons  still  attached  to  stem   at   1    month. 
Inset    shows    cotyledons    as    they    appear.     X  2 


Leaf  characteristics  at  1    month.    X  2 


nate;  ovate  tapering  to  dull  acute  apex  and  rounded 
or  slightly  heart-shaped  base;  margin  coarsely,  partially 
doubly  serrate  with  small  bristles  present  at  serration 
apexes.  After  a  month,  1V&  inches  long  by  %  inch  wide; 
prominent,  parallel  venation  similar  to  that  of  elm  leaves; 
medium  dull  green  above,  paler  below,  and  smooth  on 
both  surfaces. 

Stem. — Zigzag;  round;  red  and  smooth  on  appearance, 
changing  to  light  brown  or  tan  and  finely  pubescent  after 
a  few  weeks.   Long  narrow  stipules  persist  at  leaf  scars. 

Buds. — Ovoid  and  pointed;  light  brown  or  tan  and 
with  some  white  hairs.  Terminal  buds  largest,  Vs  inch 
long;  axillary  ones  minute  to  Vi  size  of  terminals. 
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American  Hornbeam 
Carpinus  caroliniana  Walt. 
Family  Betulaceae 


Stem  and  buds  at  1   year. 
X2 


First  lateral  branches  de- 
veloping at  5  months. 
X  1/4 


Pear-shaped  cotyledons  have  short  petioles  and  pronounced 
V-notch  at  base.  Leaves  are  coarsely,  doubly  toothed  with  sharp- 
pointed  serrations,  and  venation,  as  on  elm  leaves. 

Cotyledons. — On  appearance,  nearly  round  with  small  V-shaped 
notch  at  base  and  very  short  petiole;  dark  green  and  smooth  on 
both  surfaces;  single  cotyledons  Vs  inch  long.  Growing  in  a  week 
to  3s  inch  long  by  5/16  inch  wide,  becoming  pear-shaped  with 
notch  and  petiole  more  pronounced  than  at  first.  There  is  no 
further  growth.   Persist  on  stem  for  about  3  months. 

Leaves. — First  true  leaves  appear  during  first  week  after  germ- 
ination. Simple;  alternate;  ovate  with  acute  to  acuminate  apexes 
and  rounded  to  wedge-shaped  or  sometimes  unequal  bases;  margin 
coarsely  and  doubly  serrate,  serration  tips  bearing  short  spines; 
medium  green;  smooth,  and  somewhat  glossy  on  both  surfaces; 
2V4  inches  long  by  1  inch  wide  at  6  months  after  germination. 
Veins  prominent  on  upper  surface  of  leaf,  parallel,  and  extending 
at  acute  angle  from  midrib  to  leaf  margin,  similar  to  those  on 
elm. 

Stem. — Zigzag;  circular;  smooth;  light  green  on  appearance, 
becoming  dark  red  and  shiny  by  end  of  first  year;  marked  by 
many  small  white  lenticels. 

Buds. — Ovoid  with  short,  sharp-pointed  tip;  red-brown;  smooth; 
Vs,  inch  long  with  terminal  buds  a  little  plumper  than  axillary  ones. 


Seedling  at  1  month.  Short 
petiole  present  on  cotyledons. 
Note  basal  notching  of  crtyle- 
dons  on  appearance  (inset).    X  2 
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Compound  leaves  with  three  leaflets  have  entire  to  lobed  mar- 
ns  and  are  often  shiny  above.  They  exhibit  characteristic  poison- 
y  foliage  within  a  few  weeks  after  germination. 

Cotyledons. — Elliptical  with  rounded  apexes  and  bases;  medi- 
n  green  and  smooth  on  both  surfaces;  single  cotyledon  Va  inch 
ng  by  Vs  inch  wide  on  appearance;  double  in  size  within  first 
:>nth.   Persist  on  stem  for  about  6  weeks. 


Poison-Ivy 

Rhus  radicans  L.  (Toxicodendron 

radicans  (L.)  Kuntze) 
Family  Anacardiaceae 


Terminal  portion  of  1- 
year-old  stem  includ- 
ing pubescent  buds 
and  typical  leaf  scar. 
X4 

Stem  and  buds  at  1  year.    X  2 


Typical  seedling  at   1    month.    X  l'/i.    Inset 
shows  cotyledons  at  2  days.    X  2 


Leaves. — Alternate;  compound,  trifoliate; 
leaflets  lanceolate,  ovate,  or  occasionally  obo- 
vate,  narrowing  gradually  to  long  blunt  point 
at  apex;  and  bases  rounded  to  wedge-shaped; 
axillary  leaflets  sessile  or  nearly  so.  Margin 
entire  or  lobed,  extremely  variable;  medium 
green,  smooth  and  frequently  shiny  on  upper 
surface,  slightly  paler  and  hairy  below;  leaflets 


%  to  %  inch  long  by  3/16  to  %  inch  wide 
at  1  month;  terminal  leaflets  larger. 

Stem. — Circular;  brownish-gray,  smooth  to 
slightly  pubescent;  leaf  scars  V-shaped;  usually 
erect  during  first  year  but  may  begin  climbing 
on  other  vegetation  or  support  toward  end  of 
season. 

Buds. — Brownish  and  moderately  pubescent; 
without  scales;  terminal  buds  ovoid  with  blunt 
pointed  apex,  Vs  inch  long;  axillary  buds  flat- 
tened  and  triangular-shaped,   1/16   inch  long. 
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Black  Locust 

Robinia  pseudoacacia  L. 

Family  Leguminosae 


One-year  stems  are  zigzag 
and  beor  thorns  at  nodes. 
X2 


> 


Leaf   and    leaflet   detoils    at    2    weeks, 
appearance  (inset).    X  2 


Note   cotyledons   at 


Leaves  are  3  to  4  inches  long  at  2  months.    X  Vz 


Leaves  are  pinnately  com- 
pound; leaflets  are  slightly 
larger  than  those  of  honeylocust 
or  waterlocust.  Stem  is  armed 
with  short,  straight,  sharp  thorns 
usually  borne  in  pairs  at  the 
nodes. 

Cotyledons. — Oval  to  ovate 
with  rounded  apex  and  base; 
medium  green  above,  paler  be- 
low; smooth  on  both  surfaces; 
V2  inch  long  by  %  inch  wide  on 
appearance;  grow  little. 

Leaves. — First    leaf    appears 
within  a  week  after  germination. 
Alternate;    odd-pinnately    com- 
pound; 3  to  4  inches  long  after 
2  months.  Leaflets  3  to  15,  oppo- 
site or  alternate  on  rachis;  near- 
ly sessile;  V2  to  1  inch  long  by 
%  to  %  inch  wide,  terminal  leaf- 
lets  frequently   a   little   larger; 
oval  to  ovate-oblong  with  round- 
ed base  and  apex;  margin  entire; 
dark  green;  when  they  unfold  covered  with  white 
hairs   that   are   shed   early;    later   smooth   on    both 
surfaces. 

Stem. — Zigzag;  round  to  slightly  angular  in  cross 
section;  smooth;  dark  olive  green  to  reddish-brown 
and  with  many  small  pale  lenticels.  Pairs  of  thorns 
develop  from  stipules  at  base  of  leaf  petiole,  becom- 
ing noticeable  in  latter  half  of  first  year.  Un- 
branched  spines  straight  to  curved;  sharp;  attain 
length  of  Vs  to  Vi  inch  in  first  year. 

Buds. — Terminal  buds  lacking;  axillary  buds  mi- 
nute; spherical;  light  tan  and  covered  with  sparse 
white  pubescence;  partially  submerged  in  leaf  scar. 
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Southern  Magnolia 
Magnolia  grandiflora  L. 
Family  Magnoliaceae 


Terminal  bud  at  1  yeor. 
Note  typical  pubescence  of 
bud  and  upper  stem.    X  2 


Evergreen  leaves  are  large,  shiny, 
and  leathery.  The  large  greenish, 
conical  terminal  bud  is  covered  with 
rusty  hairs. 

Cotyledons. — Lanceolate  to  ellipti- 
cal, tapering  toward  bluntly  rounded 
apex;  shiny  medium  green  and 
smooth  on  both  surfaces;  single  coty- 
ledon V2  inch  long  and  V4  inch  wide 
on  appearance  and  growing  little. 
Persist  on  stem  for  approximately  2 
months. 

Leaves. — First  true  leaves  appear 
within  a  week  after  germination. 
Simple;  alternate;  evergreen  and 
leathery;  variable  in  shape  but  most 
often  elliptic  or  oval  with  short  blunt- 
pointed  or  acuminate  apexes  and 
wedge-shaped  bases;  margin  entire. 
Dark  green,  shiny,  and  smooth  above, 
paler  below  and  usually  with  light 
coating  of  rusty  hairs  especially  along 
veins;  434  inches  long  and  W2  inches 
wide  at  3  months  after  germination. 

Stem. — Breaks  through  ground 
surface  in  U-shape,  and  cotyledons 
follow  in  a  day  or  two.  Circular; 
olive  green;  with  moderate  coating  of 
short  red  hairs  for  first  few  months, 
then  becoming  smooth  except  on  new 
growth. 

Buds. — Terminal :  conical  and 
sharp-pointed;  light  green  and  heav- 
ily covered  with  tan  pubescence;  3A 
inch  long.  Axillary:  ovoid;  green; 
and  with  covering  of  short  white 
hairs,  particularly  near  apex;  Vs  inch 
long. 


At  3  months  foliage  shiny,  clustering  on  upper  portion  of  stem.    X  V% 


First  leaf  developing  at  1   week.    X  2 
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Red  Maple 
Acer  rubrum  L. 
Family  Aceraceae 


Cotyledons  and  first  leaves 
4  days  after  germination. 
X2 


J*\*^** 


Leaves  are  opposite  and  usually  three-lobed; 
the  middle  lobe  often  is  longer  than  the  others. 
Dark  red,  shiny  twigs  have  round  red  buds. 

Cotyledons. — No  special  characteristics  dis- 
tinguish cotyledons  from  those  of  other  maples, 
except  that  length  is  normally  half  that  of 
boxelder,  the  other  species  prevalent  in  bot- 
tom lands.  Cotyledons  elliptical  with  blunt, 
rounded  apexes,  smooth,  medium  green,  and 
V2  inch  long  by  Vs  inch  wide.  Persist  on  plant 
for  several  weeks. 

Leaves. — First  true  leaves  appear  within  a 
day  or  2  after  cotyledons  and  are  three-lobed,  a 
characteristic  accentuated  in  succeeding  weeks. 
Simple;  opposite;  ovate  to  oval;  truncate,  slight- 
ly heart-  or  even  wedge-shaped  at  base;  apex 
long,  narrow,  blunt;  margin  coarsely  serrate 
with  V-shaped  sinuses  between  lobes.  Bright 
green  and  smooth  on  upper  surface,  lighter, 
even  to  white,  and  pubescent  below,  especially 
when  unfolding.  Within  2  weeks  1  inch  long  by 
5/s  inch  wide  at  broadest  portion,  and  leathery. 


Stem. — Young  stems  green  or  dark 
red  during  first  few  months,  becoming 
dark  or  bright  red  and  shiny  above, 
shading  into  red-brown  near  base  at 
close  of  first  summer;  smooth  and 
marked  by  whitish  longitudinal  lenti- 
cels.  Stem  cross  section  round  through- 
out. 

Buds. — Opposite  on  stem,  round  to 
obtuse  with  dark  red  outer  scales  ciliate 
on  margins,  and  inner  scales  rounded 
at  apex  and  bright  scarlet.  Lateral  buds 
up  to  Vs  inch  long  and  terminal  buds 
up  to  V4  inch  long. 


Seedlings  5  months  after 
germination;  leaf  shape 
is  typical.    X  V2 


Stem  and  buds  at  1 
year;  lenticels  are 
white  and  lateral  buds 
have  an  opposite  ar- 
rangement.    X  2 
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Leaves  are  opposite  and  deeply  cut  into  five 
lobes;  the  middle  lobe  itself  often  is  three- 
lobed.    Under  surface  is  silvery  white. 

Cotyledons. — Do  not  appear  above  ground. 
This  feature  helps  to  distinguish  the  species 
from  other  maples  commonly  found  in  bottom 
lands. 

Leaves. — Simple;  opposite;  truncate  or  heart- 
shaped  at  base  with  sharp-pointed  apex.  Five- 
lobed  with  V-shaped  or  rounded  sinuses  be- 
tween lobes,  margin  coarsely  serrate,  upper 
surface  pale  green,  lower  surface  silvery  white 


Silver  Maple 

Acer  saccharinum  L. 

Family  Aceraceae 


Leaf  development  4  days  after  germ- 
ination. No  cotyledons  are  showing. 
X  2 

Stem  and  buds  at  1  year. 
Note  rings  formed  by  leaf 
scars.  X  2 


and  at  first  slightly  hairy  below,  especially  in 
axils  of  primary  veins;  petioles  slender  and  red. 
Leaves  begin  to  develop  characteristic  five- 
lobed  form  as  early  as  2  weeks  after  appear- 
ance, although  pair  of  lobes  nearest  petiole  re- 
mains indistinct  for  several  additional  weeks. 
Middle  lobe  clearly  shows  three-lobed  form  by 
this  time. 

Stem. — Light  green  at  first,  later  becoming 
light  chestnut  brown,  smooth  and  lustrous, 
covered  with  white  lenticels.  Narrow,  opposite 
leaf  scars  almost  meet  around  stem,  forming 
noticeable  lines.  Round  in  cross  section 
throughout. 

Buds. — Opposite,  ovoid  with  flattened  point 
at  apex;  bright  red  outer  scales  ciliate  on  mar- 
gins, 1/16  to  Vs  inch  long;  terminal  buds  larg- 
est. 
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Trident  Red  Maple 

Acer  rubrum  L.  (var.  tridens 

Wood) 
Family  Aceraceae 


Leaves  are  smaller  than  those 
of  typical  red  maple,  have 
rounded  bases,  and  are  usually 
three-lobed  near  the  apical  end. 
Buds  are  triangular  and  have 
blunted  points. 

Cotyledons. — Narrowly  ellip- 
tic with  rounded  apexes  and 
wedge-shaped  bases;  dark  green; 
smooth.  Single  cotyledon  Vz 
inch  long  by  3/16  inch  wide  on 
appearance  and  makes  little 
growth. 

Leaves. — Simple;  opposite;  o- 
vate  and  three-lobed  near  apical 
end  with  acute  to  acuminate  a- 
pexes  and  rounded  or  sometimes 


Stem  and  buds  at  1  year.  Note  numerous 
lenticels,  development  of  first  lateral 
branch,    and    typical   terminal    bud.     X  4 


slightly  heart-shaped  bases; 
margin  coarsely  serrate  to  occa- 
sionally undulate  below  lobes; 
dark  green  and  smooth  on  upper 
surface,  glaucous  with  white 
hairs  below;  2!4  inches  long  by 
Wz  inches  wide  at  3  months. 

Stem. — Round;  smooth;  red 
on  appearance,  becoming  red- 
brown  by  close  of  first  year  ex- 
cept rapidly  growing  portion, 
which  is  green;  marked  with 
many  conspicuous,  small  white 
lenticels. 

Buds. — Reddish  and  smooth; 
Vs  inch  long.  Terminal:  conical, 
dull  pointed;  axillary:  com- 
pressed, conical,  rounded  at 
apex. 


«->*«*        Typicol   trilobed   leaves  at   3 
-• •    "*•       months.    X  Vi 
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Red  Mulberry 
Morus  rubra  L. 
Family  Moraceae 


Seedlings  at   1    month.    Note  typical  leaf  shape 
and  upper  surface  appearance.    X  2 


Sap  is  milky.  Leaves  vary  in  shape  from  ovate  to  mitten-like 
and  often  have  three  or  more  lobes.  Veins  prominent  on  under- 
side. 

Cotyledons. — Oval  with  rounded  apex  and  rounded  to  slightly 
wedge-shaped  base;  medium  green  and  smooth  on  both  surfaces; 
single  cotyledon  about  V4  inch  long  on  appearance,  makes  little 
growth.   Persist  on  stem  for  1  month. 

Leaves. — First  leaves  appear  within  2  weeks  after  germina- 
tion. Simple;  first  pair  opposite,  later  ones  alternate;  ovate  to 
oblong-ovate  with  acute,  dull-pointed  apexes  and  deeply  heart- 
shaped  to  occasionally  truncate  bases;  unlobed  for  first  3 
months,  after  which  mitten-shaped  and  three-lobed  leaves  may 
be  found  on  some  seedlings;  margin  coarsely  serrate;  medium 
green  and  smooth  underneath,  but  rather  rough  above,  smooth 
textured  and  with  prominent  veins  below;  1  to  Wi  inches  long 
by  %  inch  wide  after  1  month.  Milky  sap  exudes  when  leaf  peti- 
oles are  crushed  or  broken. 

Stem. — Slightly  zigzag;  round;  smooth;  marked  by  consider- 

jable  number  of  elliptic  to  oval,  white  to  light  tan  lenticels;  light 

green  on  appearance,  later  reddish-brown  near  base  and  gray 

on  rest  of  stem.    Breaking  bark  also  results  in  exudation  of 

jmilky  sap. 

Buds. — Ovoid  and  flattened,  giving  triangular  appearance; 
sharp-pointed;  chestnut  brown  with  narrow,  darker  brown 
bands  on  bud  scale  rims,  occasionally  almost  entirely  black; 
Vs  inch  long.   Terminal  buds  lacking. 


Cotyledons  on  appear- 
ance.  X  4 


Stem  and  buds  at 
1  year.  Zigzag 
growth  due  to  lack 
of  terminal  bud. 
Rough  leaf  scars 
characteristic.    X  4 
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Juvenile  oak  leaves  at  8  weeks.    X  1 
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Oak  stems  and   buds  at    1    year.     X  1  '  2 


A   Swamp    chestnut 

B    Overcup 

C    Nuttall 

D   Southern  red 


E  Water 
F  Willow 
G   Cherrybark 
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Black  Oak 

Quercus  velutina  Lam. 

Family  Fagaceae 


At  1  month  lobes  are  less  no- 
ticeable than  earlier.  Note  pu- 
bescence on  upper  surface  and 
around  margin  of  leaves.    X  Vi 


Stem  and  buds  at  2  months. 
Note  pubescence  and  small 
white  lenticels.    X  2 


Juvenile  leaves  have  undulating  margin  and  lack  definite 
lobes  found  on  most  red  oaks.  At  1  or  2  months,  leaves  are 
parchment-like  in  texture.  The  leaves  of  southern  red  and 
cherrybark  oak  are  similar,  but  usually  somewhat  lobed 
and  less  leathery. 

Cotyledons. — Do  not  appear  above  ground. 

Leaves. — Simple;  alternate  to  three  in  a  whorl;  ovate  to 
obovate  with  rounded  apexes  and  wedge-shaped  bases;  mar- 
gins vary  from  almost  entire  to  serrate  on  apical  half  with 
seven  bristle-tipped  teeth  that  develop  into  lobes  by  mid- 
season.  Upon  unfolding,  they  are  covered  with  dense,  red, 
easily  shed  hairs  above,  and  white  hairs  below.  After  a 
week,  medium  green  and  very  finely  pubescent  with  short 
white  hairs  on  both  surfaces.  Leaf  texture  leathery  toward 
close  of  first  year. 

Stem. — On  appearance,  reddish  near  base,  changing  to 
bright  green  near  apex,  and  coated  with  short  white  hairs. 
By  midseason,  green  to  light  purple  and  still  pubescent. 
Cross  section  round  throughout. 

Buds. — Ovoid  and  slightly  blunted  at  apexes;  dull  tan  to 
light  brown;  tawny  pubescent;  Vs  to  Vz  inch  long,  terminal 
buds  largest.    Cluster  of  buds  at  terminal  is  common. 

Seedling  1  week  after  germ- 
ination with  bristle-tipped 
incipient   lobes.   X  1-1/4 
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Seedling  at  1  week.   X  1 


Cherrybark  Oak 
Quercus  falcata  var. 
pagodaefolia  Ell. 
Family  Fagaceae 


Stem    ond    buds 
at   1    year.  X  2 


Leaf  shape  is  typical.  Under  surface  of  leaves  is  covered 
with  white  to  light  brown  hairs.  Young  seedlings  are  easily 
confused  with  black,  Shumard,  or  southern  red  oaks. 

Cotyledons. — Do  not  appear  above  ground. 

Leaves. — Juvenile  seedlings  have  extremely  variable  leaf 
shapes.  Most  typical  is  broadly  ovoid,  about  twice  as  long 
as  it  is  wide,  with  rounded  base  and  apex.  Margins  vary  from 
nearly  entire  to  undulate,  bearing  short  bristles  on  tips  of 
poorly  defined  lobes.  Leaves  sometimes  have  wedge-shaped 
or  truncate  bases  and  rounded  sinuses  of  moderate  or  greater 
depth. 

All  leaves  coarsely  textured,  medium  green  and  lustrous 
above,   paler  green   below,   and   densely   covered   with   fine, 
white  to  tan  hairs,  especially  during  first  growing  season. 

Stem. — Bright  green  during  first  few  months,  changing  slowly, 
first  at  base,  to  reddish-brown.  Heavily  pubescent  during  first 
growing  season,  less  so  after  first  winter.  Stem  cross  sections  round 
throughout. 

Buds. — Ovoid  with  acute  points,  about  lA  inch  long,  light  red- 
brown,  and  moderately  pubescent. 
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Shumard  Oak 

Quercus  shumardii  Buckl. 

Family  Fagaceae 


Unfolding  leaves  have  slight  tinge  of  red,  and  the  margins  are  slij 
undulate;  upper  surfaces  have  a  few  scattered  short  hairs,  under  sur 
are  smooth.    During  the  first  year,  seedlings  are  easily  confused 
black,  cherrybark,  or  southern  red  oaks. 

Cotyledons. — Do  not  appear  above  ground. 


Stem    and    buds    at    1 
year.    X2 


Leaves. — Simple  and  alternate.  Seedlings  less  than 
a  month  old  have  elliptic  leaves,  about  twice  as  long 
as  wide,  with  slightly  undulate  margins  bristled  at  tips 
of  lobes.  Upper  surfaces  dark  green  and  have  a  few 
scattered  short  hairs;  under  surfaces  paler  and  smooth. 

Leaves  of  older  plants  typically  obovate  with 
rounded  apexes  and  acute  angled,  narrow  bases.  Mar- 
gins have  short  bristle-tipped  lobes  separated  by 
rounded  sinuses  of  varying  depth.  Upper  surfaces 
dark  green,  smooth,  and  lustrous;  under  surface  paler 
and  smooth,  except  for  tufts  of  hairs  in  axils  of  veins. 

Stem. — Smooth,  brownish-green  or  light  gray, 
changing  to  gray  or  grayish-brown  by  midseason  of 
first  year.   Cross  section  round  throughout. 

Buds. — Ovoid  with  acute  apex,  lA  inch  long,  smooth, 
having  closely  overlapping  gray-brown  or  dull  straw- 
color  scales.  Resemble  Nuttall  oak  buds  but  the  two 
species  usually  occupy  different  sites. 
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Southern  Red  Oak 
Quercus  falcata  Michx. 
Family  Fagaceae 


Typical  stem  at  1  year  mod- 
e  r  a  t  e  I  y  pubescent  (left). 
X  1  Vi .  Terminal  portion  of 
stem  at  1  year  with  pubescent 
terminal  bud  and  stem  (right). 
X4 


Typical  obovate-shaped  leaves  are  dark  green 
and  shiny  above,  softly  pubescent  with  light- 
colored  hairs  below.  Margin  is  entire  or  with 
three  or  more  broad  lobes  at  apical  end.  Seed- 
lings are  confused  with  cherrybark  and  black 
oak  in  the  juvenile  period. 

Cotyledons. — Do  not  appear  above  ground. 

Leaves. — Simple;  alternate;  typically  obovate, 
though  sometimes  ovate,  with  rounded  apexes 
and  wedge-shaped  bases;  margin  entire  or  with 
three  to  seven  rounded,  bristle-tipped  lobes  on  a- 
pical  two-thirds  of  margin  and  separated  by  shal- 
low, rounded  sinuses;  3  to  4  inches  long  by  Wi  to 
2  inches  wide  at  6  months.  As  they  unfold,  cov- 
ered with  red,  woolly  hairs  above  and  with  less 
dense  coating  of  white  hairs  below;  changing 
after  2  months  to  dark  green,  smooth,  and  lus- 
trous above,  paler  below  and  softly  pubescent 
with  light-colored  hairs,  especially  along  midrib 
and  veins. 

Stem. — Round;  on  appearance  densely  coated 
with  easily  shed  short,  red  hairs,  becoming  light 
to  reddish-brown  and  moderately  pubescent  on 
upper  portion  at  end  of  first  year. 

Buds. — Broadly  ovoid  with  blunt-pointed  apex; 
slightly  downy  with  short  pale  hairs;  chestnut 
to  reddish-brown;  Vs  to  XA  inch  long;  terminal 
buds  largest. 
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Nuttall  Oak 

Quercus  nuttallii  Palmer 

Family  Fagaceae 


Seedling    10    days   after   germination.     X  Vi 


Stem  and  buds  at   1    year.    X  1 


Cross  section  of  upper  stem  is  angular. 
New  leaves  are  usually  deep  red.  Young 
overcup  oak  leaves  are  similar  in  size  and 
shape  but  are  never  red. 

Cotyledons. — Do  not  appear  above  ground. 

Leaves. — First  leaves  appear  within  2 
weeks  after  germination.  Simple;  alternate; 
symmetrically  5-  to  7-lobed,  with  lobes  usu- 
ally terminating  in  bristle-tipped  teeth;  leaf 
bases  wedge-shaped.   Usually  deep  red  upon 


appearance  but  occasionally  medium  green. 
In  4  or  5  weeks  upper  surfaces  become  dull, 
dark  green,  lower  surfaces  paler  green.  Both 

Stem. — Smooth  during  first  year,  olive 
green  on  lower  portion,  shading  into  reddish- 
brown  or  dark  red  near  terminus.  Upper 
portion  angular  in  cross  section. 

Buds. — Less  than  Vs  inch  long,  broadly 
ovoid,  and  gray.  Color  and  small  size  unique 
among  oak  mixtures  that  include  this  species. 
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Stem  ot  1  year.  Note 
bunching  of  axillary 
buds  near  stem  term- 
inal.   X  2 


Typical   seedling   at   9 
months.     X  1/4 


Dark  green  leaves  are  thick  and 
glossy.  Margins  have  large,  evenly 
spaced,  sharp,  recurved  teeth. 

Cotyledons. — Do  not  appear  a- 
bove  ground. 

Leaves. — Simple;  alternate;  oval 
to  obovate  with  acute  to  rounded 
apex  and  wedge-shaped  base;  mar- 
gin coarsely  serrate  with  large, 
evenly  spaced,  frequently  bristle- 
tipped,  recurved  teeth.  Medium 
green  on  appearance  with  upper 
surface  slightly  hairy  and  coated 
below  with  white  tomentum,  later 
becoming  dark  green  and  lustrous 
above,  slightly  paler  below;  smooth 
on  both  surfaces  and  with  prom- 
inent veins  on  lower  side;  4  to  6 
inches  long  by  1  to  3  inches  wide. 

Stem. — Round;  on  appearance, 
dark  red  to  purplish  with  moder- 
ately heavy  coating  of  short  white 
hairs;  by  midyear,  changing  to 
olive-green  near  base  and  light 
brown  on  upper  stem  and  smooth; 
marked  by  moderate  number  of 
small,  round,  white  lenticels. 


Chinkapin  Oak 

Quercus  muehlenbergii  Engelm. 

Family  Fagaceae 


Buds. — Ovoid  and  blunt-pointed;  reddish-brown  scales 
with  slightly  pubescent  edges  that  produce  noticeable  pat- 
tern on  bud  surface;  1/16  to  Vs  inch  long,  terminal  ones 
larger  than  axillaries.  Buds  clustered  at  terminal  end  of 
twigs. 


Leaf  shape  and  size  2 
weeks  after  germina- 
tion.   X  2 
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Overcup  Oak 
Quercus  lyrata  Walt 
Family  Fagaceae 


Upper  surface  of  the  leaves  is  dark 
green.  Slight  lobing  is  separated  by 
very  shallow,  rounded  sinuses.  Seed- 
lings are  frequently  confused  with 
white  oak,  whose  leaves  are  more  deep- 
ly lobed  and  which  is  found  on  higher, 
better  drained  sites. 

Cotyledons. — Do  not  appear  above 
ground. 

Leaves. — Upon  unfolding,  bronze- 
green  with  soft  distinct  hairs  on  upper 


Bud   arrangement  at    1    year.     X  2 


side  and  thick  pale  hairs 
on  under  side.  Simple; 
alternate;  oblong-obo- 
vate;  apex  acute  and 
base  narrowly  wedge- 
shaped;  margin  usually 
has  seven  to  nine  round- 
ed lobes,  broadest  in  mid- 
dle, with  sinuses  round- 
ed. After  several  weeks, 
upper  surface  dark  green 
and  smooth;  lower  sur- 
face pale  green  or  silvery 
and  slightly  downy. 
Leaves  occasionally  re- 
semble those  of  white 
oak  but  are  less  lobed, 
narrower,  and  more 
wedge-shaped  at  base. 

Stem. — Green  or  with 
a  slight  reddish  tinge, 
and  hairy  or  pubescent 
upon  first  appearance, 
becoming  olive  green  or 
grayish  brown  and 
smooth  toward  end  of 
first  year.  Cross  section 
round  throughout. 

Buds. — O  void  with 
blunt  tip,  about  Vs  inch 
long,  with  light  chestnut 
brown  scales  covered,  es- 
pecially  near  margins, 
with  loose,  whitish  hairs. 
Bud  clusters  form  a- 
round  terminal  bud,  but  : 
not  as  markedly  as  in 
cow  oak. 
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Swamp  Chestnut  Oak 
Quercus  michauxii  Nutt. 
Family  Fagaceae 


Leaf  shape  and  venation  are  typical.  White  or  rust- 
colored  woolly  hairs  cover  the  underside.  Leaves 
resemble  those  of  chinkapin  oak,  whose  margins,  how- 
ever, are  coarse  and  sharply  serrate  instead  of  wavy 
with  very  rounded  teeth. 

Cotyledons. — Do  not  appear  above  ground. 

Leaves. — Simple;  alternate;  obovate  to  elliptic  with 
acuminate  apexes  and  rounded  bases;  margins  undu- 
lately    serrate    with    rounded    teeth.     Bright    yellow- 


Stem   and   buds  at 
1    year.   X  1 


green,  lustrous,  and  smooth  on  upper  surface;  under 
surface  thickly  coated  with  white  or  rust-colored 
woolly  hairs.  Leaf  shape  and  venation  are  identifying 
characteristics  in  first  few  weeks  after  germination. 
Mature  leaf  size,  4  to  8  inches  long  and  Wz  to  4 
inches  wide,  may  be  attained  toward  end  of  first  year. 

Stem. — At  1  year  generally  smooth  but  covered  near 
terminal  with  easily  shed  hairs.  Color  at  first  reddish- 
brown,  changing  to  gray  toward  end  of  first  year, 
especially  at  base.  A  few  small,  round,  inconspicuous 
lenticels  frequently  found  on  upper  stem. 

Buds. — Terminal  buds  about  V4  inch  long,  broadly 
oval,  dull-pointed,  and  light  brown.  Usually  have  fine 
hairs  along  edges  of  bud  scales.  Lateral  buds  same 
color  and  shape  but  about  Vs  inch  long.  Cluster  of 
lateral  buds  around  terminal  is  common. 
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Water  Oak 
Quercus  nigra  L. 
Family  Fagaceae 


Small,  dark  green,  wedge-shaped  leaves  are  lobed 
after  several  months.  Leaves  persist  on  seedling  until 
well  into  the  winter. 

Cotyledons. — Do  not  appear  above  ground. 

Leaves. — May  be  confused  with  those  of  willow  oak 
during  first  month  or  so  before  lobes  develop.  Simple; 
alternate;  and  for  first  month  typically  lanceolate  to 
oblong-obovate  with  rounded  apexes,  wedge-shaped 
bases,  and  entire  margins.  Later  frequently  have 
broad,  rounded  and  entire,  or  irregularly  three-lobed, 
apexes;  occasionally  there  is  a  single  acuminate  lobe 
below  middle.  Upon  unfolding,  leaves  thin  and  light 
green,  but  within  a  few  weeks  they  change  to  darker 
green  above,  paler  green  below;  smooth  on  both  sur- 
faces. 

Stem. — Reddish-gray,  smooth  and  round  in  cross 
section  throughout. 

Buds. — Ovoid,  blunt-pointed,  Vs  to  3/16  inch  long, 
with  loosely  overlapping  dark  red-brown  scales.  Some- 
times very  slightly  hairy. 


Seedling       stem,     and 
buds   at    1    year.     X  2 


Juvenile  seedling  2  weeks  after  germination.    X  1 
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Stem  3  days  after  emerg- 
ing shows  dense  pubes- 
cence.   X  2 


Stem  and  buds  at  1  year. 

Suds  cluster  around  the 
erminal,  lenticels  are 
parse,     and    there    is    a 

slight  angling  of  the  cross 
ection  of  the  stem  at 
he  upper  end.    X  2 


White  Oak 
Quercus  alba  L. 
Family  Fagaceae 


Seedling  2  weeks  after 
germination.  Lobes  are 
beginning  to  develop  on 
leaves  and  there  is  an 
absence  of  bristles  at 
lobe  apexes.  X  Vz 


Leaves  are  light  green;  when  lobed,  they  have  rounded  apexes  and 
sinuses.    Bristles  are  absent  on  lobe  tips. 

Cotyledons. — Do  not  appear  above  ground. 

Leaves. — Simple;  alternate  to  several  in  a  whorl;  oblong-obovate, 
gradually  narrowing  to  wedge-shaped  or  rounded  base.  Margin  undulate 
to  slightly  serrate  for  about  2  weeks,  but  not  definitely  lobed  around 
upper  half;  later  these  leaves  develop  three  to  seven  lobes  with  rounded 
sinuses.  Upon  unfolding,  leaves  covered  on  upper  surface  with  dense  red 
hairs  and  on  under  side  with  soft,  pale  pink  to  white  pubescence;  as  hairs 
are  shed,  leaf  becomes  bright  green  above,  blue-green  and  glaucous  below. 

Stem. — Olive  green  at  first  changing  to  gray  by  end  of  first  year 
and  covered  with  dense  coating  of  short,  red  hairs.  By  midyear  smooth, 
and  a  few  small,  round,  white  lenticels  appear.  Cross  section  round 
throughout,  but  slightly  angled  near  terminal. 

Buds. — Broadly  ovoid  and  pointed;  chocolate  to  reddish-brown; 
smooth;  Vs  to  Vi  inch  long;  terminal  buds  largest.  Cluster  of  lateral  buds 
usually  forms  around  terminal  bud. 
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Willow  Oak 
Quercus  phellos  L. 
Family  Fagaceae 


Seedlings  appear  conifer-like  for  several 
days  after  germination  as  the  first  leaves 
unfold.  After  1  week,  leaf  shape  is  linear- 
lanceolate — the  miniature  form  of  mature 
foliage. 

Cotyledons. — Do  not  appear  above 
ground. 

Leaves. — Simple;  alternate;  linear-lan- 
ceolate to  elliptic  with  acute  bristle-tipped 


apexes  and  rounded  to  wedge-shaped 
bases;  margins  entire.  Both  leaf  surfaces 
smooth  or  slightly  hairy  along  midrib. 
Upper  surfaces  dark  green,  lower  surfaces 
usually   paler. 

Stem. — Reddish-brown     and     slightly 
pubescent  for  first  few  months,  changing 
to  gray  and  becoming  smooth  by  end  of 
.first  year.  Round  in  cross  section  through- 
out. 

Buds. — Ovoid,  dull-pointed;  chestnut 
brown;  lateral  buds  1/16  inch  long,  term- 
inal buds  Va  inch  long. 


Leaf  derail  at  2  weeks.    X  1 


Stem  and  buds  at  1   year.    X  2 


56 


Seedling   development' 
at   2   months.     X  1/4 


Osage-Orange 

Madura  pomij era  (Raf.) 

Schneid. 
Family  Moraceae 


Zigzag  growth,  spine 
development  of  stem 
and  slight  pubescence 
at  1   year.    X  1  '/i 


Cotyledons   4   days   after  germ- 
ination.    X  1 


Dark  green  leaves  are  ovate-lanceolate  and  have 
a  very  shiny  upper  surface.  The  stem  is  armed  with 
simple,  stout  thorns  at  each  node.  Plant  exudes 
milky  sap  when  crushed  or  broken. 

Cotyledons. — Germinating  seedlings  emerge  U- 
shaped  from  soil  with  seed  coat  covering  cotyledons. 
Unfolding  cotyledons  shed  seed  coat  within  a  few 
days  and  are  broadly  oval  with  rounded  apex  and 
base;  dark  green  and  smooth  on  both  surfaces;  single 
cotyledon  V2  inch  long. 

Leaves. — First  leaves  appear  within  a  week  and 
are  simple;  alternate;  ovate  to  ovate-lanceolate  with 
acuminate  apex  having  short,  white  bristle  tip  and 
rounded  or  occasionally  slightly  heart-shaped  base; 
margin  entire;  dark  green  and  lustrous  on  upper 
surface,  paler  below;  smooth  on  both  surfaces;  4 
to  5  inches  long  and  2  inches  wide  at  2  months. 

Stem. — Zigzag;  round;  olive  green  near  base  and 
gray-green  above;  covered  with  moderate  amount 
of  short  brown  hairs;  and  numerous  small  white 
lenticels.  Simple,  stout  thorns  V4  to  V2  inch  long 
develop  in  each  leaf  axil  after  first  2  months.  Exudes 
sticky,  milky  sap  when  cut  or  damaged. 

Buds. — Terminal  bud  lacking;  globose  but  slightly 
flattened  and  partly  immersed  in  bark;  light  chest- 
nut brown;  minute,  less  than  1/16  inch  in  diameter; 
smooth. 
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Royal  Paulownia 

Paalownia  tomentosa  (Thunb.) 

Sieb  &  Zucc. 
Family  Bignoniaceae 


Stem    and    buds     1     year 
after  germination.     X  2 


Ovate  to  nearly  circular  leaves  have  coarsely  serrated  margins 
and  are  very  downy  above  and  below.  Pith  is  hollow  or  cham- 
bered. 

Cotyledons. — Minute  on  appearance;  nearly  round,  truncate 
at  base;  light  green  and  smooth  on  both  surfaces;  in  2  weeks 
attain  diameter  of  Vs  inch. 

Leaves. — Appear  within  2  weeks  after  germination;  simple; 
opposite;  broadly  ovate  to  heart-shaped  with  acute  to  acuminate 
apexes  and  rounded  to  slightly  heart-shaped  bases;  margin 
coarsely  serrate  throughout  most  of  first  year,  later  becoming 
entire.  Medium  green  above  and  slightly  paler  below;  both 
surfaces  densely  hairy  and  soft  to  touch;  2x/2  inches  long  by 
1   to  l1^  inches  wide  at  2  months;  prominent  venation  above. 

Stem. — Circular;  olive  green  at  first,  becoming  brown  by 
year's  end;  marked  with  a  few  small,  round  to  elliptical  lenticels; 
slightly  pubescent.  Leaf  scars  round  and  pith  hollow  or  cham- 
bered. 

Buds. — Terminal  bud  lacking;  ovoid;  brown;  moderate  amount 
of  light  brown  pubescence;  1/16  to   Vs  inch  long. 
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Typical   leaves  at   2   months.     X  3/4 


Cotyledon  size  and  shape  at  2  weeks. 
Largest  plants  already  have  first  leaves. 
X2Vz 
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Pawpaw 

Asimina  triloba  (L.)  Dunal 

Family  Annonaceae 


Germinating  plant  (left)  at  2  weeks.  Apical  end  of  stem 
is  to  the  ieft.  Leaves  are  still  not  released.  A  month 
after  germination  (right)  the  leaves  are  frequently  still 
not  entirely  freed  from  the  seed  coat.  Continuing  stem 
development  is  pulling  the  seed  out  of  the  soil  and  may 
deform   the   plant.    X  2 


Seedling  form  and  leaf  char- 
acteristics 3  weeks  after 
germination.    X  1 


Buds  are  soft,  velvety,  and  chocolate- 
brown. 

Cotyledons. — Do  not  appear  above 
ground.  First  development  stages  of  this 
species  slow  and  difficult.  Plant  has 
trouble  in  extricating  first  leaves  from 
tough  seed  coat  that  prevents  cotyledons 
from  separating.  May  take  as  long  as  a 
month  after  stem  appears  above  ground; 
frequently  entire  germinating  seed  is 
pulled  above  ground  by  enlarging  stem; 
growing  point  may  be  damaged,  causing 
malformations. 

Leaves. — Simple;  alternate;  ovate  to 
ovate-lanceolate  with  acute  to  acuminate 
apexes     and     rounded     to     wedge-shaped 


Typical   1 -year-old  stem.    X2 


bases;  margin  entire;  medium  green  and 
rather  shiny  above,  a  little  paler  below; 
on  appearance  folded  along  midrib;  when 
they  unfold  densely  covered  with  rusty 
brown  hairs  on  lower  surface  and  slightly 
hairy  above,  becoming  somewhat  lighter 
in  amount  as  leaves  mature;  3  to  5  inches 
long  by  %  to  2V4  inches  wide  at  3  months. 
Prominent  midrib  and  venation. 

Stem. — Emerges  from  soil  in  inverted 
U-shape;  circular;  pink  on  appearance, 
changing  to  light  brown  streaked  with 
light  gray  at  1  year;  smooth  to  lightly 
pubescent. 

Buds. — Ovoid,  pointed  at  apex;  dark 
brown  and  heavily  covered  with  thick, 
rusty  brown  hairs  making  buds  much 
darker  than  stem;  Vs  to  V4  inch  long; 
terminal  ones  largest. 
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Pecan 

Carya  illinoensis  (Wangenh.)  K.  Koch 

Family  Juglandaceae 


No  characteristics  reliably  separate  this  spe- 
cies from  water  hickory  (Carya  aquatica),  the 
only  other  hickory  seedling  with  which  it  is 
easily  confused.  Site  is  the  best  identification 
guide;  water  hickory  is  found  on  low  wet  flats, 
while  pecan  frequents  riverfronts  and  ridges. 

Cotyledons. — Do 
not  appear  above 
ground. 

Leaves. — Alter- 
nate; simple;  lance- 
olate to  slightly  ob- 
ovate  with  acute  a- 
pexes  and  rounded 
wedge-shaped  bas- 
es; margins  finely 
serrate.  Dark  yel- 
low-green and  usu- 
ally smooth  on  both 
surfaces,  though 
sometimes       pubes- 


cent below;  veins  conspicuous.  Typical  pin- 
nately  compound  leaves  with  single  terminal 
leaflet  of  mature  plants  do  not  develop  until 
near  end  of  first  growing  season  or  in  second 
year. 

Stem. — On  first  appearance  slightly  tinged 
with  red  and  covered  with  loose,  pale  hairs, 
later  smooth  or  slightly  hairy;  marked  in  win- 
ter with  numerous  oblong  pale  lenticels  and  by 
large,  oblong  to  roughly  triangular,  concave 
leaf  scars.  After  several 
months,  reddish-brown 
and  slightly  pubescent 
near  terminal  portion. 
Cross  section  round 
throughout. 

Buds. — Winter  buds 
red-brown;  acute  to 
slightly  compressed  and 
covered  with  clusters  of 
light,  jointed  hairs;  ter- 
minal buds  Vs  to  V-z  inch 
long,  laterals  1/16  inch 
long. 


Typical  leaf  arrangement  and  characteristics 
at  2  weeks.    X  Vi 


Stem  and  bud  development  at 
1  year.  Note  size  and  fre- 
quence of  Itnticels  and  lateral 
buds.     X  2 


Terminal  bud  at   1    year.     Note 
leaf   scars.     X  4 
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Heavy  gray  pubescence  develops  after  several 
months  on  dark,  reddish-brown  stem. 

Cotyledons. — Linear  with  bluntly  rounded  apex 
and  wedge-shaped  to  rounded  base;  114  inches 
long  and  3  16  inch  wide.  Medium  green  and 
smooth  above  and  below;  persist  on  plant  for 
2  or  3  weeks. 

Leaves. — Appear  by  start  of  second  week  after 
germination.  Simple;  alternate;  ovate-oblong  to 
elliptic  with  acute  or  acuminate  apexes  and 
rounded  or  wedge-shaped  bases;  margins  entire; 
smooth,  dark  green,  and  lustrous  on  upper  sur- 
face, paler  underneath. 

Stem. — Light  to  reddish-brown  when  it  first 
appears.  Toward  end  of  first  year  frequently 
ashy  gray  and  marked  by  a  few  orange-colored 
lenticels  and  elevated,  round  leaf  scars  with  deep 
horizontal  crescent-shaped  depressions;  almost  al- 
ways heavily  covered  with  short  gray  hairs.  Cross 
section  round  throughout. 

Buds. — Axillary,  ovoid,  acute,  1/16  to  V&  inch 
long,  with  dark  red  or  purple,  lustrous  scales. 


Common  Persimmon 
Diospyros  virginiana  L. 
Family  Ebenaceae 


One-year-old     stem     with 
buds  and  lenticels.    X  2 


Typical  leaf  shape  and  growth   1    month  after  germination.  X  1  Vz 
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Planertree  (Waterelm) 
Planera  aquatica  Gmel. 
Family  Uimaceae 


Seedling    at    germination. 

Cotyledons  of  this  species 

remain   in  the  soil.     X  3 

Stem    and    buds    at 

I    1 

1   year.    X  2 

■■  «.  ^H 

I     1 

I    1 

I    1 

H  1 

Seedling  form   and   leaf  characteristics  at 
3  months.  X  3/10 


Leaves  are  alternate  and  small.  Corky 
ridges  are  absent  on  stem.  Species  is  re- 
stricted to  low,  very  wet  sites.  Cedar  elm, 
the  species  with  which  it  is  most  likely 
to  be  confused,  also  has  small  leaves  but 
develops  corky  ridges  in  the  latter  half 
of  its  first  year. 

Cotyledons. — Failure  to  appear  above 
ground  excellent  identification  trait  for 
seedlings  only  a  few  days  old. 

Leaves. — Simple;  first  pair  opposite  but 
all  subsequent  ones  alternate;  ovate  to 
oblong-lanceolate  with  acute  to  obtuse 
apexes  and  rounded  bases;  margins  coarse- 
ly doubly  serrate;  dark  green  and  smooth 
on  both  surfaces  at  first,  becoming  rough 
on  upper  surface  in  latter  half  of  first  year. 
Leaves  at  terminal  portion  of  stem  often 
deeply  tinged  with  red. 

Stem. — Emerges  from  ground  in  U- 
shape;  round;  at  first  greenish-brown  and 
smooth  on  basal  portion,  red  and  minutely 
pubescent  on  terminal  portion.  At  1  year 
reddish-brown  with  a  few  small,  pale  len- 
ticels;  slightly  pubescent. 

Buds. — Ovoid,  obtuse;  dark  reddish- 
brown;  pubescent;  1/16  inch  long.  Term- 
inal buds  lacking. 
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Heart-shaped  leaves  have  pal- 
nate  venation.  The  stem  grows 
n  a  zigzag  pattern. 

Cotyledons. — Oval  to  nearly 
:ircular  with  rounded  apexes 
ind  bases;  medium  green, 
imooth,  and  lustrous  on  upper 
urface,  paler,  dull,  and  smooth 
>elow;  single  cotyledon  %  inch 
ong  on  appearance  and  grows 
ittle. 

Leaves. — All  leaves  folded  in 
alf  when  emerging,  and  first 
nes  appear  within  a  week  after 
ermination.  Simple;  alternate; 
eart-shaped  with  abrupt  ob- 
use  or  short,  dull-pointed  a- 
exes;  margin  entire;  palmately 
ve-  to  seven- veined;  yellow 
reen  at  first,  becoming  medium 
:een  after  a  few  weeks;  smooth 
id  lustrous  on  upper  surface, 
all  and  slightly  pubescent  a- 
ng    veins    below;    Wi    inches 


Zigzag  growth  pat- 
tern of  1 -year-old 
stem.  X  1  V2 


Eastern  Redbud 
Cercis  canadensis  L. 
Family  Lequminosae 


long  by  IV2  inches  wide  at 
broadest  portion  after  3  months. 

Stem. — Growth  zigzag;  circu- 
lar; brown;  smooth  and  lustrous; 
conspicuously  marked  with  nu- 
merous small,  round,  white  len- 
ticels;  leaf  scars  nearly  round. 

Buds. — Ovoid  with  blunt- 
pointed  apexes;  brown  and 
smooth;  1/16  to  Vs  inch  long. 
Terminal  buds  lacking. 


Cotyledons  at  appear- 
ance. X  2 


Leaves  are  folded  in  half 
when  they  emerge.    X  3 


Typical  heart  shape  of 
completely  unfolded  leaf. 
X4 
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Sassafras 

Sassafras  albidum  (Nutt.)  Nees 

Family  Lauraceae 


At  1  year  axillary  buds 
set  at  acute  angle  with 
the  stem.    X  1  Vi 


Ovate,  mitten-shaped,  and  three-lobed  leaves  are  frequently  present 
on  the  same  plant.  Crushed  or  broken  leaves  and  stems  exude  aromatic 
odor. 

Cotyledons. — Do  not  appear  above  ground. 

Leaves. — Simple;  alternate;  ovate  or  elliptic  with  acute  or  obtuse 
apexes  or  lobes  and  wedge-shaped  bases;  margin  entire,  except  that  after 
midyear  some  mitten-shaped  and  three-lobed  leaves  with  rounded  sinuses 
may  develop.  Light  to  medium  green  above,  paler  below;  smooth  on 
both  surfaces;  3V£  inches  long  by  2  inches  wide  at  6  months.  When 
crushed,  give  off  aromatic  odor. 

Stem. — Round;  deep  red  and  smooth  on  appearance,  becoming  light 
green  to  reddish-brown  at  1  year;  leaf  scars  circular.  Has  aromatic  odor 
when  broken. 

Buds. — Ovoid  and  sharp-pointed;  red-brown;  slightly  pubescent;  Vs 
to  3/16  inch  long,  terminal  ones  largest.  Axillary  buds  set  at  acute  angle 
with  stem. 


Seedling   3   days  after 
germination.    X  2 


xillary  buds  are  small  and 
t  tan;  one  to  three  are  super- 
;d  at  each  leaf  scar.  Terminal 
s   are   lacking. 

otyledons. — Oval  t  o  oblong 
1  rounded  apex  and  slightly 
icate  base;  light  green;  smooth 
Doth  surfaces;  venation  prom- 
it;  single  cotyledon  %  to  Vi 
i  long  and  \  4  inch  wide. 

eaves. — First  leaves  appear 
lin  a  few  days  after  germina- 
Simple;  alternate;  oval  to 
e   with   acute   to   short-acumi- 

apexes  and  rounded  bases; 
in  entire  to  very  finely  ser- 

or  sparsely  toothed,  especi- 
around  apical  one-third  of  leaf. 
?r  surface  dark  green  and 
bth,  lower  surface  paler  and 
itely  pubescent  to  smooth;  pin- 


Terminal  portion  of 
1-year  stem.  Note 
superposed  axillary 

buds  and  lenticels. 
Terminal  bud  lacking. 
X4 


American  Snowbell 
Styrax  americana  Lam. 
Family  Styracaceae 


nately  veined;  2  to  3  inches  long 
by  1 V2  inches  wide  at  close  of  first 
year. 

Stem. — Round;  reddish-brown 
to  gray  and  smooth  on  mature 
portion,  green  and  finely  pubes- 
cent on  recent  growth;  marked 
with  moderate  amount  of  conspic- 
uous elliptical,  dark  brown  lenti- 
cels. 

Buds. — Ovoid,  slightly  flattened 
with  obtuse  apex;  light  tan  and 
with  light  pubescence;  1/16  to  Vs 
inch  long.  Terminal  buds  lacking; 
one  to  three  axillary  buds  super- 
posed above  each  leaf  scar. 


Seedling  late  in 
first  growing  sea- 
son.   X  1/5 


Cotyledons  on  first 
day  after  germina- 
tion. Note  definite 
venation.    X  2'/i 


Leaf  shape  and  de- 
velopment at  2 
weeks.    X  1  Vi 
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Spicebush 

Lindera  benzoin  (L.' 

Family  Lauraceae 


Blume 


( 


Terminal  bud  has 
begun  to  open  or 
1  year.   X  2 


Leaf    characteristics    at   6    months.     X  Vi 


Oval,  light  green  leaves  have  a  soft  texture  and  emi 
a  spicy,  aromatic  odor  when  crushed.  Buds  are  common! 
collateral  and  superposed. 

Cotyledons. — Do  not  appear  above  ground. 

Leaves. — Simple;  alternate;  oval  to  ovate  with  acut 
to  acuminate  apexes  and  round  to  wedge-shaped  bases 
margin  entire;  bright  green  and  waxy-looking  on  uppe 
surface,  paler  below;  smooth  on  both  surfaces  and  with  sof 
texture;  3  to  4  inches  long  by  1  to  2  inches  wide  at  6  months 
Emit  spicy,  aromatic  odor  when  crushed. 

Stem. — Emerges  from  ground  U-shaped;  lance-shapec 
upon  straightening.  Circular  and  smooth;  red-brown  a 
first,  changing  to  olive-brown  on  older  portion  of  sterr 
after  a  few  months;  marked  by  a  few  small,  round  white 
lenticels  and  circular  leaf  scars.    Has  aromatic  taste. 

Buds. — Elongated  ovoid  with  pointed  apexes;  dark  brown 
and  smooth;  1/16  to  Vs  inch  long.  Commonly  collateral 
and  superposed,  upper  one  the  best  developed. 
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Jear  terminal  portion  of  1 -year-old 
tern  with  branching  habit  and  len- 
cels.    X  1 


Typical    juvenile    leaves    and 
plant  form  at  2  weeks.    X  1 


Sugarberry 

Celtis  laevigata  Willd. 

Family  Ulmaceae 


Cotyledons  are  notched.  Upper  surface  of  leaves  is  rough. 
Flat,  spray-like  appearance  of  young  seedlings  results  from 
alternate  twig  arrangement  in  the  same  plane. 

Cotyledons. — V-shaped  notch  in  apex  of  cotyledons  iden- 
tifies genus  but  does  not  distinguish  between  sugarberry 
and  hackberry.  Basal  end  slightly  rounded  and  petiole 
very  short.  Cotyledons  remain  attached  for  at  least  1  month 
after  germination. 

Leaves. — Closely  resemble  those  of  mature  trees  but 
smaller,  with  more  serrated  margins.  Simple;  alternate; 
for  first  half  year  short,  ovate  with  blunt-pointed  apexes 


Typical  notched  cotyledon  (inset).    X  1.    Seedling  at  1   week.    X  2 


and  rounded  or  slightly  heart-shaped  bases;  rough  upper 
surfaces;  light  green,  sometimes  paler  underneath.  Later 
leaves  more  nearly  oblong-lanceolate,  with  sharp  apexes 
and  frequently  less  serrated  margins,  especially  around 
lower  half.  Three  veins  arise  at  base  and  extend  to  near  tip. 

Stem. At  1  year  light  green  to  reddish-brown;  bark  thin, 

smooth,  and  often  marked  with  small,  round,  white  lenticels 
on  lower  portion.  No  warty  outgrowths  as  on  older  trees. 
Lateral  twigs  alternate  and  all  in  same  plane,  producing 
effect  of  flat  spray  and  giving  plant  delicate  appearance. 

Buds. — In  winter  reddish-brown,  1/16  to  Vs  inch  long, 
ovoid  and  pointed. 
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Sweetgum 

Liquidambar  styracijlua  L. 

Family  Hamamelidaceae 


Three-week-old  seedlings  ex- 
hibit typical  3-lobed  leaves 
and  persistent  cotyledons. 
XI 
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Casual  observer  may  confuse  leaves  of  seed- 
lings less  than  6  months  old  with  those  of  red 
maple  and  boxelder.  Red  maple  stems  are 
smooth  and  red;  boxelder  stems  are  bright 
green,  shiny,  and  smooth;  sweetgum  stems  are 
green  and  covered  with  red  hairs.  After  6 
months,  the  typical  five-pointed,  star-shaped 
leaves  appear. 

Cotyledons. — Medium  to  dark  green;  ellipti- 
cal with  prominent  midrib;  persist  on  develop- 
ing plant  for  several  months. 

Leaves. — First  leaves  appear  within  week 
or  two  after  germination,  mostly  with  three 
blunt-pointed  lobes  and  truncate  or  slightly 
heart-shaped  base;  margin  coarsely  serrate. 
Simple;  opposite  for  first  few  pairs,  but  alter- 
nate after  midseason,  hairy  underneath  upon 
unfolding,   but  soon  becoming  smooth  except 


Cotyledons  1  week  after 
germination.  First  leaf 
just  beginning  to  un- 
fold.   X  2 


Stem  and  buds  at  1 
year.  Note  appear- 
ance of  lenticels  and 
bud  arrangement.  X  2 


for  tufts  of  short  white  hairs  in  axils  of  princi 
pal  veins;  bright  to  less  bright  green  on  botl 
surfaces  but  glossier  above.  Five-lobed,  star 
shaped  leaves  appear  in  6  months  or  more. 

Stem. — Light  green  beneath  mass  of  easilj 
shed  red-brown  hairs,  changing  to  light  brown 
by  end  of  first  year.  Marked  with  occasional 
pale  lenticels  and  bow-shaped  leaf  scars  show- 
ing ends  of  three  conspicuous  fibrovascular 
bundles.    Cross  section   round   throughout. 

Buds. — Reddish-brown,  ovoid,  acute,  smooth. 
Terminal  buds  lA  inch  long,  lateral  buds  about 
1/16  inch  long. 
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ne-yeor  old  stem  and  buds.  Lenticels 
nd  lateral  bud  on  upper  portion  of  stem 
eft).  Note  leaf  scar  surrounding  the  bud. 
ypical  lighter  color  of  basal  portion  of 
em  and  size  and  shape  of  lateral  buds 
ight).     X  2 


American  Sycamore 
Platanus  occidentalis  L. 
Family  Platanaceae 


Seedling     3     months     after     germination. 
X  Vi 


Large  leaves  are  coarse-toothed  and  maple- 
like after  midseason.  They  are  pubescent 
along  the  veins  underneath. 

Cotyledons. — L  anceolate  with  blunt 
rounded  apexes  and  bases;  dark  green  and 
smooth  on  both  surfaces;  Vi  inch  long  and 
Vs  inch  wide  within  2  days.  Persist  on  seed- 
ling for  a  month  or  two. 

Leaves. — -Simple;  alternate;  broadly  ovate 
with  acuminate  apexes  and  wedge-shaped 
bases;  margins  during  first  few  months 
coarsely  serrate.  Later  develop  five  short, 
sinuate,  acuminate  lobes  also  coarsely  ser- 
rate. Upon  unfolding,  bright  green,  glossy, 
and  smooth  above  and  a  little  paler  below; 
hairy  along  midrib  and  veins.  Texture  be- 
comes leathery  as  leaf  matures. 

Stem. — On  appearance,  red  and  heavily 
pubescent;  after  several  months  smooth  and 
dark  to  olive  green,  especially  near  base, 
and  marked  with  frequent  oblong  pale  len- 
ticels. Cross  section  round  but  slightly 
angled  near  terminal. 

Buds. — Covered  by  hollow  base  of  leaf 
petioles;  broad  ovoid,  blunt-pointed;  smooth; 
red-brown;  Vs  to  Vi  inch  long. 
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Tallowtree 

Sapium  sebiferum  (  L. )  Roxb. 

Family  Euphorbiaceae 


Leaf  shape  variations  at  1 
month.  Opposite  arrange- 
ment  is  infrequent.     X  3/4 


Rhombic,  dark  green  leaves  turn  bright  red 
or  yellow  before  leaf  fall  on  most  trees.  Milky 
sap  is  poisonous. 

Cotyledons. — Oblong  with  truncated  apexes, 
gradually  tapering  to  wedge-shaped  bases;  dark 
green  and  smooth  on  both  surfaces;  individual 
cotyledon  %  inch  long  by  %  inch  wide.  Gener- 
ally remain  on  plant  less  than  1  month. 

Leaves. — First  leaves  develop  about  a  week 
after  germination.  Simple;  first  pair  opposite, 
later  ones  usually,  but  not  always,  alternate; 
chiefly  rhombic,  occasionally  round  to  oval,  with 
round  to  abruptly  acuminate  apexes  and  round 
to  wedge-shaped;  margin  entire;  dark  green  and 
smooth  on  upper  surface,  paler  and  duller  below. 
At  1  month,  blades  are  1  to  2  inches  long  by  1 
inch  wide  on  petioles  of  nearly  equal  length. 
Turn  bright  red  or  yellow  before  they  drop  in 
fall  but  may  remain  green  on  some  plants. 

Stem. — Emerges  U-shaped  from  soil;  circular; 
dark  green  to  reddish  at  first,  becoming  gray- 
brown  on  mature  portion  by  autumn;  smooth; 
marked  with  many  small  lenticels.  Stem  surface 
roughened  by  closely  spaced,  elevated,  oval  to 
roughly  triangular  leaf  scars. 

Buds. — Broad  ovoid  and  blunt-pointed;  red- 
brown  and  smooth;  1/16  inch  long. 


One-year-old  stem  with  typi- 
cal alternate  arrangement  of 
axillary  buds  above  leaf 
scars.    X2 


Cotyledons  at   1    week.    X  2 
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Oval  to  ovate  leaves  are  medium  to  dark  green  and  shiny 
above.  They  usually  are  remotely  toothed  on  the  top  one- 
;;hird  of  the  margin  and  turn  bright  red  in  early  fall  while 
eaves  of  other  trees  are  still  green. 

Cotyledons. — Ovate  to  elliptical,  tapering  slightly  to 
ounded  apexes  and  with  rounded  bases;  dark  green  and 
mooth  on  both  surfaces;  single  cotyledon  about  1  inch 
ong  by  V2  inch  wide  on  appearance.  Make  little  growth 
iut  persist  on  plant  for  as  long  as  3  months. 

Leaves. — Simple;  alternate;  ovate  or  slightly  obovate 
vith  short  acuminate  apexes  and  wedge-shaped  to  rounded 
jases;  margin  entire  to  remotely  and  shallowly  toothed 
;round  apical  half  of  leaf;  dark  green,  shiny  and  smooth 
jbove,  paler  below;  slightly  pubescent  with  short,  soft, 
fhite  hairs  on  appearance,  becoming  smooth  after  several 
ieeks;  3  to  4  inches  long  by  1  to  IVa  inches  wide  at  6 
litonths. 


Stem. — Round;  6mooth;  dark  red  on  appearance,  changing 
greenish  gray  at  base;  new  growth  light  green  after 
veral  months  and  greenish-brown  tinged  with  red-brown 
j  first  winter.  Marked  by  a  few  scattered  pale  lenticels 
id  with  small  lunar-shaped  leaf  scars. 

Buds. — Ovoid;  obtuse;  moderate  to  dense  coating  of 
ort,  silky  white  hairs;  terminal  buds  most  pubescent;  gray 
een  to  dark  red  brown.  Axillary  buds  minute,  terminal 
lies  Vs  to  3/16  inch  long. 


Black  Tupelo   (Blackgum) 
Nyssa  sylvatica  Marsh. 
Family  Cornaceae 


Cotyledons  on  appearance.    X  2 

Stem   and   buds   at 
1  year.  X  2 


Typical  leaf  shapes  6  months  after  germination.    X  Vi 


Water  Tupelo 
Nyssa  aquatica  L. 
Family  Cornaceae 


Stem    and    buds   at 
1    year.   X  1  Vi 


Seedling     at     1 
month.    X  3/4 


/ 


V 


Typical  cotyledons  1   week  after  germination.  X  1-1/3 


Seedlings  closely  resemble  those  of  black  tupel 
but  the  leaves  are  larger  and  the  stems  dark  rec 
A  tree  found  mainly  on  very  wet  sites. 

Cotyledons. — Elliptical  to  lanceolate  with  blur 
pointed  apexes  and  rounded  bases;  dark  green 
smooth,  and  prominently  veined;  single  cotyledoi 
IVz  inches  long  by  Vi  inch  wide,  grows  consider 
ably  before  being  shed  2  to  3  months  after  germ 
ination. 

Leaves. — Simple;  alternate;  oblong  to  oval  wit! 
acute  to  acuminate  apexes  and  wedge-shaped  ti 
rounded  bases;  margin  entire  or  irregularl; 
toothed;  light  red  and  pubescent  on  both  surface 
on  unfolding,  later  dark  green,  lustrous  ant 
smooth  above,  paler  and  with  downy  pubescenci 
below;  2  to  3  inches  long  by  V2  to  1  inch  wid< 
after  a  month  or  two. 

Stem. — Emerges  U-shaped  from  soil;  round 
dark  red  on  appearance,  but  becoming  lightei 
with  maturity  and  reaching  a  light  or  bright  red 
brown  by  first  winter;  smooth;  marked  by  small 
scattered  pale  lenticels  and  by  conspicuous  ele- 
vated, nearly  round  leaf  scars. 

Buds. — Terminal  buds  more  or  less  globular; 
slightly  pubescent;  red  brown;  Vs  to  V4  inch  long 
Axillary  buds  minute,  obtuse,  nearly  embedded 
in  bark. 
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Waterlocust 

Gleditsia  aquatica  Marsh. 

Family  Leguminosae 


Cotyledons  shortly  after 
appearance.    X  2 


Upper  stem,  buds,  and  thorns 
at  1  year.    X  2 


horn  development  by  midyear, 
horn  clusters  near  the  base  of 
e  stem  are  typical  and  a  useful 
jentification  characteristic  for  this 
ecies.    X  1 


Leaflets  are  small  and  mimosa-like. 
Branched  thorns  develop  early  on  the 
stem,  and  their  characteristic  bunching 
near  the  stem  base  occurs  by  the  latter 
half  of  the  first  year. 

Cotyledons. — Oval  and  rounded  at 
both  ends;  dark  green  and  smooth  on 

both  surfaces;  single  cotyledon  V2  inch  long  and  %  inch  wide 
on  appearance;  grows  little.  Persist  on  stem  for  as  long  as 
2  months  after  germination. 

Leaves. — First  leaves  appear  within  a  few  days.  Alternate; 
pinnately  compound  during  first  year;  2XA  to  4%  inches  long 
by  midyear.  Leaflets  20  to  40,  opposite  or  alternate  on  rachis; 
nearly  sessile;  %  inch  long  by  Vs  inch  wide;  ovate-oblong 
with  rounded  apexes  and  bases;  margin  with  small,  rounded 
teeth  to  entire;  medium  green  and  smooth  on  both  surfaces. 

Stem. — Circular;  pale  green;  smooth  and  marked  with 
small  white  lenticels.  Noticeably  zigzag  and  armed  with  many 
dark  red-brown,  stout,  rigid,  three-pronged  or  multiple  short- 
branched  thorns,  V2  to  1  inch  long  at  midyear.  Thorn  develop- 
ment first  noticed  just  above  leaf  axils;  it  may  begin  as  early 
as  1  week  after  germination  and  is  much  earlier  than  on 
honeylocust.  Formation  of  clusters  of  thorns  on  lower  stem 
is  excellent  guide  in  separating  waterlocust  seedlings  from 
those  of  honeylocust  (see  honeylocust  photo). 

Buds- — Reddish  to  dark  brown;  spherical;  smooth;  terminal 
bud  lacking;  axillary  buds  minute  and  inconspicuous. 
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Black  Willow 
Salix  nigra  Marsh. 
Family  Salicaceae 


Stem    and    buds 
at    1    year.   X  2 


Cotyledons  are  nearly  round  to  slightly  heart-shaped  for  the  first 
month.  The  appearing  leaves  are  lanceolate  rather  than  heart-  or  triangu- 
lar-shaped, as  are  leaves  of  eastern  cottonwood,  with  which  they  are 
sometimes  confused. 

Cotyledons. — Nearly  round  or  slightly  heart-shaped  with  rounded 
apexes,  opposite  on  olive  green,  smooth  stem.  Blades,  medium  green  on 
both  surfaces,  1/16  inch  in  diameter,  persist  on  stem  for  about  a  month. 

Leaves. — First  leaves,  which  appear  at  end  of  a  week,  are  simrjle 
and  opposite  on  growing  stem,  but  in  a  week  or  two  are  alternate,  as  on 
mature  plant.  In  this  stage,  easily  confused  with  eastern  and  swamp 
cottonwood,  but  leaves  more  lanceolate  than  cottonwood;  this  difference 
even  more  marked  later  in  season.  Medium  to  light  green  on  both  surfaces, 
smooth,  narrow  lanceolate  with  sharp-pointed  apexes  and  wedge-shaped 
to  rounded  bases,  margins  finely  serrate.  Stipules  variable — either  large, 
foliaceous,  persistent,  or  small,  ovate,  deciduous. 

Stem. — Slightly  hairy  at  first,  but  soon  smooth  and  shiny;  olive 
green,  merging  to  reddish-brown  on  upper  portion;  slender  and  brittle. 
Cross  section  round  throughout. 

Buds. — Length  1/16  to  Vs  inch,  triangular  and  acute,  red  to  red-brown. 
When  present,  stipule  scars  nearly  encircle  the  stem. 


Cotyledons   2    days 
after  germination. 
X3 


Seedling  at  2  months.    X  1/3 


Leaf    shapes     3     weeks    after    germination.     (A),     Black 
Willow.    (B),  Eastern  cottonwood.    X  '2 
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Typical  seedlings  at  2  months.  X  <4 


Sandbar  willow 
Salix  interior  Rowlee 
Family  Salicaceae 


% 

• 

i 

Cotyledons  and  first  leaves 
at  10  days.    Cotyledons  are 
without  petioles.    X  2 

Stem  at  1  year.  Buds 
have  begun  to  open. 
Note  scattered  lenti- 
cels.  X  2 


Sandbar  (upper)  and 
black  willow  (lower) 
leaf  serrations  at  2 
months.    X  1-1/10 


Small,  narrow  lanceolate  leaves  have  coarsely  toothed  margins,  8 
to  10  serrations  per  inch.  In  contrast,  leaves  of  black  willow,  with  which 
this  species  may  be  confused,  are  finely  serrate. 

Cotyledons. — Elliptical,  about  twice  as  long  as  wide,  with  rounded 
apexes  and  bases;  medium  green  and  smooth  on  both  surfaces;  very  small 
on  appearance  and  only  about  Vs  inch  long  after  10  days.  Persist  on  stem 
for  less  than  1  month.  Difficult  to  tell  from  those  of  black  willow,  which 
are  more  nearly   round. 

Leaves. — First  leaves  appear  within  10  days  after  germination. 
Simple;  alternate;  linear-lanceolate  and  quite  narrow  with  acute  to  long 
pointed  apexes  and  wedge-shaped  bases;  margin  for  first  few  weeks 
coarsely  lobed  but  in  2  months  develops  regular  sharp-pointed  serrations 
with  widespread  teeth.  Dark  green  and  smooth  on  both  surfaces;  2  to  3 
inches  long  by  V4  to  Vi  inch  wide  in  2  months.  Coarse  serrations  of  leaves 
make  possible  easy  and  early  separation  of  this  species  from  black  willow. 

Stem. — Round;  smooth;  light  green  at  first,  turning  dark  orange  or 
reddish-brown  by  end  of  first  year;  marked  by  widely  scattered,  long, 
elliptical  white  lenticels  and  raised,  triangular  to  lunar-shaped  leaf  scars. 

Buds. — Narrowly  ovoid,  acute;  smooth;  chestnut  brown;  1/16  to  Va 
inch  long. 
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Yellow-poplar 
Liriodendron  tulipifera  L. 
Family  Magnoliaceae 


Typical  medium  green  leaves  are  four-lobed.  Large  buds  are  en- 
closed by  valvate  scales  that  separate  to  reveal  folded  leaf. 

Cotyledons. — Elliptical  with  slightly  pointed  apexes  and  rounded 
bases;  smooth;  medium  green;  about  3A  inch  long  2  weeks  after  appear- 
ance.   Persist  on  plant  for  as  long  as  2  months. 

Leaves. — First  leaves  appear  within  2  weeks  after  germination. 
Simple;  alternate;  roughly  circular,  those  appearing  in  first  2  months 
are  heart-shaped  with  no  distinct  lobing;   later  ones  broken  into   four 


Typical   leaf   shape   after   2   months.     Note   folded 
leaves  and  prominent  foliar  stipules.    X  2 


definite  lobes;  all  leaves  on  appearance  folded  in  half  along  midrib;  apexes 
broadly  notched  and  bases  are  truncate  to  rounded  or  heart-shaped. 
Margins  entire;  dark  green  above,  slightly  paler  below;  smooth  on  both 
surfaces;  about  2  inches  in  diameter  2  weeks  after  appearance. 

Stem. — Round  throughout;  reddish-brown;  shiny,  smooth;  often  cov- 
ered with  white,  waxy-looking  bloom;  roughened  by  nearly  circular  leaf 
scars  and  stipule  scars  encircling  twig.  Scattered  white  lenticels  also 
present. 

Buds. — Terminal  buds  with  valvate  scales;  flattened  or  "duck-billed;" 
reddish-brown;  smooth,  with  waxy-looking  bloom;  V2  inch  long.  Axillary 
buds  much  smaller,  and  ovoid  with  blunt-tipped  apex. 


Stem   and   buds  at 
1  year.  X  1 


Terminal  bud  at  1 
year.  Note  valvate 
bud  scales  and  the 
stipule  scar  en- 
circling the  stem. 
X4 
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Single    Commercial    Thinnings    in 

Variously  Spaced 
Slash  and  Loblolly  Pine  Plantations 

Philip  C.  Wakeley 

In  mid-June  of  1940,  the  Southern  Forest  Experiment  Station  applied 
ight  and  heavy  thinnings  to  slash  pines  (Pinus  elliottii  Engelm.)  that  had 
een  planted  the  winter  of  1924-1925  at  spacings  of  8  by  8,  6  by  6,  and  5 
y  5  feet.  Early  in  March  1942  it  made  similar  thinnings  in  loblolly  pines 
?.  taeda  L.)  that  had  been  planted  at  the  same  spacings  in  1922-1923.  Final 
leasurements  were  at  age  30  years  in  the  slash  plantations,  and  at  age  34 
the  loblolly. 

The  thinnings  could  not  be  shown  to  have  affected  significantly  the 
talpwood  yields  within  any  one  spacing  of  either  species.  Nevertheless, 
:jH eir  simultaneous  application  to  three  spacings,  their  comparison  with 
pthinned  checks,  and  their  final  measurement  at  the  end  of  practicable 
jtilpwood  rotations  have  provided  information  not  available  from 
jevious  studies  of  shorter  duration. 

The  Plantations 

Plantations  of  the  two  species  were  established  in  separate  areas 
ir  Bogalusa,  in  southeastern  Louisiana.2  Each  spacing  of  each  species 
lis  tested  on  a  single,  square  1.0-acre  plot  on  open,  grassy,  slightly  brushy 
aes  on  which  heavy  stands  of  old-growth  longleaf  pine  (P.  palustris 
Sll.)  had  been  clearcut  and  skidder-logged  in  1918  or  1919.  Uncontrolled 
fij*s  were  frequent  on  both  areas  until  about  1920,  but  none  occurred 
threafter.  Fifty-year  site-index  values,  as  determined  from  mean 
hights  of  the  dominant  and  codominant  plantation  trees  at  final  mea- 
siement,  ranged  from  81  to  88  feet  for  slash  pine  and  from  79  to  82 
fc  loblolly  (7). 

Planting  was  in  shallow  furrows,  with  1-0  nursery  stock.  Survival  of 
th  slash  pine  ranged  from  84  to  88  percent  at  the  end  of  the  first  grow- 
in  season;  at  that  time,  to  maintain  regularity  of  spacing,  the  fail  spots 
wee  replanted  with  1-0  seedlings.  Survival  of  the  loblolly  pine  ranged 
frt'n  69  to  73  percent  at  the  end  of  the  second  growing  season,  and  the 

Tr  juthor  is  retired  from  the  Forest  Service.  USDA.  While  on  the  staff  of  the  Southern  Forest  Experiment  Station  he  did 
or  pervised  all  the  work  on  the  plantations  described  here,  except  planting  the  loblolly  pine. 

Th'and  was  owned  by  the  Great  Southern  Lumber  Company,  which,  with  its  successor.  Gaylord  Container  Corporation, 
coerated  throughout  the  experiment  by  supplying  nursery  stock,  protecting  the  plantations,  furnishing  labor  for  thin- 
tip,  and  helping  make  the  final  measurements.  Crown  Zellerbach  Corporation  has  since  succeeded  Gaylord  as  owner  of 
h  ind 
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fail  spots  were  then  replanted  with  1-0  stock.  Both  original  and  replace- 
ment loblolly  trees  were  of  local  provenance,  and  all  the  slash  pines  were 
from  seed  collected  near  Lake  City,  in  northeastern  Florida. 

In  mid-June  of  1940,  after  the  slash  pines  had  started  their  16th 
growing  season  in  plantation,  heavy  and  light  thinnings  and  unthinned 
checks  were  established  in  latin-square  design  in  each  of  the  three  spac- 
ings;  the  thinned  plots  and  unthinned  check  plots  averaged  approximately 
0.11  acre  in  size.  Similar  treatments,  in  similar  design,  were  established  in 
each  of  the  loblolly  spacings  after  the  19th  growing  season.  The  design 
provided  three  observations  on  which  to  base  each  mean  in  the  tables  that 
follow. 

Throughout  the  study  the  stands  were  protected  not  only  from  wild- 
fire but  also  from  grazing  and  accidental  cutting. 

Prethinning  measurements,  were  made  at  age  15  in  the  slash  planta- 
tions and  at  age  18  in  the  loblolly.  They  included  survival,  d.b.h.,  and  cut- 
versus-leave  status  of  all  trees,  but  heights  of  sample  trees  only.  Final 
measurements  at  age  30  in  the  slash  plantations  and  at  age  34  in  the  loblol- 
ly included  plantation  survival  and  the  crown  class,  d.b.h.,  total  height,  , 
pulpwood  heights,  sawtimber  height,  and  degree  of  fusiform-rust  t 
infection  of  every  living  tree.  All  records  throughout  the  study  were  kept 
separate  by  individual  trees. 

The  time  lapses  (3  months  in  slash;  1  year  in  loblolly)  between  prethin-  ■ 
ning  measurement  and  thinning,  together  with  the  layout  of  the  planta- 
tions, imposed  three  limitations  on  analyses  of  results.  1. — Values  for 
volumes  salvaged  in  thinning,  for  volumes  and  mean  diameters  of 
stands  left  after  thinning,  and  for  total  pulpwood  produced  on  the  -  i 
thinned  plots  were  scant  by  the  amounts  of  wood  formed  between  preth- 
inning measurement  and  thinning.  2. — Because  spacings  were  not  replicat- 
ed within  species,  no  error  term  was  available  for  testing  the  significance* 
of  differences  attributable  to  spacings.  3. — Although  the  latin-square  de- 
sign of  thinning  treatments  within  spacings  provided  error  terms  fort 
testing  the  significance  of  differences  attributable  to  thinnings,  the  tests* 
were  relatively  insensitive,  with  only  2  degrees  of  freedom  for  treat-t 
ments  and  2  or  6  for  error.  Some  differences  properly  attributable  to  thin- 
nings may  therefore  have  escaped  detection. 

In  interpreting  both  prethinning  and  final  measurements,  the  volume 
discrepancies  that  resulted  from  the  time  lapses  have  been  disregarded. 
Probably  none  of  these  discrepancies  exceeded  3  percent,  and  within  ei- 
ther species  they  must  have  affected  all  spacings  and  thinnings  about 
equally.  The  two  other  limitations  noted  above  were  compensated  for,  ir 
part,  by  certain  well  defined  and  suggestive  trends  among  all  species  X 
spacing  X  thinning-treatment  combinations.  These  trends  are  describee 
later  in  connection  with  individual  variables. 


Experimental  Thinnings 

Both  light  and  heavy  thinnings  were  commercial  in  that  they  yielded 
at  least  2.6  cords  of  pulpwood  per  acre.  Both,  however,  included  some 
trees  below  pulpwood  size;  and  the  light  thinnings,  particularly  at  5-  by  5- 
foot  spacing,  where  diameter  growth  had  been  poorest,  removed  most  or 
all  of  such  nonmerchantable  trees. 

The  light  thinnings  at  age  15-plus  in  slash  pine  and  at  age  19  in  loblolly 
were  patterned  after  those  then  being  applied  in  nearby  13-  to  18-year-old 
commercial  plantations  at  6-  by  8-foot  spacing.  The  intention  was  to  cut 
30  percent  of  all  trees  by  stem  count,  regardless  of  survival  percent  prior 
to  thinning,  but  in  fact  28  to  40  percent  of  all  trees  were  removed.  Light 
thinning  was  almost  entirely  from  below,  but  included  a  few  large  trees 
whose  trunks  were  badly  cankered  by  southern  fusiform  rust.  It  was 
applied  with  little  regard  to  spatial  arrangement  of  the  trees  left. 

The  heavy  thinnings  were  designed,  regardless  of  the  volume  of 
wood  that  might  be  salvaged,  to  leave  prescribed  numbers  of  trees  per 
acre  for  further  growth,  and  to  leave  more  at  the  closer  spacings,  where 
diameter  growth  had  been  poorer,  than  at  the  wider  spacings.  In  slash  pine 
the  numbers  left  ranged  from  432  per  acre  in  the  8  by  8  spacing  to  630  in 
the  5  by  5;  at  the  same  spacings  in  loblolly  the  numbers  ranged  from  368 
to  704.  Like  the  light  thinning,  heavy  thinning  was  mainly  from  below, 
but  with  less  care  to  remove  the  smallest  trees  and  more  to  salvage  rust- 

j  cankered  stems  and  to  insure  good  spatial  arrangement  of  the  remaining 

'  stand. 

Further  thinnings  at  5-year  or  even  shorter  intervals  were  planned, 

i  but  conditions  during  and  shortly  after  World  War  II  precluded  doing  the 
work  within  reasonable  time.  Thus  the  study  was  reduced  to  the  simple 

!"  terms  of  three  replications  apiece  of  a  single  heavy  thinning,  a  single 
light  thinning,  and  the  unthinned  check  in  each  spacing  of  each  species. 
Analysis  of  the  data  taken  a  year  or  less  before  thinning  showed 
i  that,  in  survival  up  to  the  time  of  thinning  and  in  numbers  of  trees  per 
•  acre,  volumes  of  pulpwood  per  acre,  and  mean  d.b.h.  of  all  trees  before 
thinning,  the  mean  values  of  the  sets  of  plots  to  which  the  three  experi- 
3  mental  treatments  were  assigned  were  satisfactorily  uniform  within 
each  spacing  of  each  species.  Analysis  of  variance  showed  specifically 
i  that,  up  to  the  time  of  thinning,  survival  within  spacings  had  not  varied 
\  significantly  (table  1,  page  5). 

The  mean  numbers  of  trees  left  after  thinning  are  given,  separate- 

i  ly  by  species  X  spacing  X  thinning-treatment  combinations,  in  table  2, 

page  6.  Differences  between  light  and  heavy  thinnings  generally  increased 

with  increasing  closeness  of  spacing,  and  were  greater  in  slash  than  in 

loblolly  pine. 

Mean  volumes  of  pulpwood  left  after  thinning  ranged  from  a  min- 
imum of  10.3  to  a  maximum  of  27.0  cords  (table  3,  page  7).  They  were 
consistently  higher  on  the  unthinned  check  plots  than  on  the  thinned  plots, 


and  (with  one  trifling  exception)  higher  on  the  lightly  thinned  than  on  the 
heavily  thinned  plots.  Despite  great  variability  among  replications  of 
some  of  the  thinning  treatments,  mean  volumes  left  per  acre  varied  sig- 
nificantly in  the  slash  at  5  by  5  spacing  and  in  all  three  spacings  of  loblolly 
pine.  Thinning,  in  other  words,  resulted  in  immediate  significant  differ- 
ences among  previously  uniform  volumes. 

The  volumes  of  merchantable  pulpwood  removed  in  thinnings  ranged 
from  2.6  to  8.8  cords  per  acre  (table  3).  They  varied  greatly  with  species, 
spacings,  and  thinning  treatments.  In  the  light  thinnings  at  the  closer 
spacings,  volumes  salvaged  in  thinning  were  reduced  by  concentration  of 
cutting  upon  the  smallest  trees,  many  of  which,  at  these  spacings,  were 
below  pulpwood  size.  Except  in  the  slash  pine  at  8  by  8  feet,  the  heavy 
thinnings  yielded  2.0  to  2.5  times  as  much  merchantable  wood  as  the  light 
ones,  but  at  this  spacing  in  slash  most  of  the  smaller  trees  were  mer- 
chantable and  hence  were  included  in  the  pulpwood  yield  from  the  light 
thinning. 

Mean  diameters  of  trees  left  after  thinning  ranged  from  4.3  inch- 
es in  the  unthinned  checks  of  both  slash  and  loblolly  at  5-  by  5-foot  spac- 
ing to  6.0  inches  in  the  lightly  thinned  loblolly  at  8  by  8.  Diameters  in  the 
unthinned  checks  varied  directly  with  spacings— in  both  species  from  4.3 
inches  at  5  by  5  feet  to  5.4  at  8  by  8.  Thinnings  of  both  intensities,  but 
especially  the  heavy  ones  in  slash  and  the  light  ones  in  loblolly,  directly 
increased  mean  diameters;  in  the  slash  at  5  by  5  and  in  the  loblolly  at  6  by  6 
the  increases  were  significant  at  the  0.05  level. 

The  values  summarized  thus  far  indicate  the  conditions  of  the  plots 
up  to  and  immediately  after  the  thinnings.  They  show  the  effects  of  spac- 
ings up  to  the  time  of  thinning  and  on  the  thinnings  themselves  and  the 
initial  effects  of  the  thinnings  on  the  stands  left  for  further  growth. 
They  set  a  stage,  so  to  speak,  on  which  the  later  effects  of  both  thinnings 
and  spacings  might  become  manifest. 

Major  Results 

Survival—  Thinnings  appreciably  affected  survivals  through  the  lat- 
ter half  of  the  rotation.  At  final  measurement  the  mean  survival  of  the 
trees  retained  at  the  time  of  thinning  was  invariably  higher  on  the 
thinned  plots  than  on  the  unthinned  check  plots  of  the  same  species  and 
spacing.  In  slash  pine  it  averaged  consistently  highest  on  the  heavily 
thinned  plots;  in  loblolly,  on  the  lightly  thinned.  Survival  differences 
among  thinning  treatments  were  significant  in  the  slash  at  5-  by  5-foot 
spacing  and  in  the  loblolly  at  6  by  6  and  8  by  8  (table  1). 

Spacings  also  affected  the  ultimate  survival  of  trees  left  after  thin- 
ning. Although  lack  of  replication  forestalled  tests  of  significance,  there 
was  a  marked  tendency,  thinning  treatment  by  thinning  treatment,  for 
survival  to  vary  directly  with  initial  width  of  spacing  (table  1.) 

Number  of  trees  per  acre. — Thinning  had  reduced  the  mean  numbers 
of  trees  on  the  treated  plots  far  below  those  on  the  check  plots,  and  in 
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Table  1. — Mean  survivals  of  trees  planted  and  of  trees  left  after  thinning 


Spacing 
(feet) 

Till  time  of  thinning 

1    2 

At  final  measurement 

Heavy 

Light 

Check 

Heavy 

Light 

Check 

4 

....  Percent     ... 

.    Percent 

SLASH  PINE 

8  by  8 

89.8a 

93.5a 

89.5a              81.8a 

79.0a 

74.8a 

6  by  6 

90.3a 

85.3a 

89.0a              79.0a 

77.0a 

62.7a 

5  by  5 

85.8a 

82.8a 

85.5a              83.2a 
LOBLOLLY  PINE 

71.0b 

53.7c 

8  by  8 

91.2a 

89.9a 

92.1a              74.6ab 

86.4a 

64.1b 

6  by  6 

87.5a 

89.5a 

86.1a              60.7a 

71.8b 

52.8c 

5  by  5 

76.2a 

77.1a 

71.6a              62.2a 

65.9a 

46.3a 

Means  within  any  one  species  and  spacing,  if  followed  by  the  same  letter,  do  not  differ  at 

the  0.05  level  of  significance. 

At  age  15  years  in  slash  pine  and  19  in  loblolly. 

At  age  30  years  in  slash  pine  and  34  in  loblolly. 

Based  on  number  of  spaces  planted. 

Based  on  live  trees  left  after  thinning. 


two  of  the  three  spacings  of  each  species  had  reduced  the  numbers  on  the 
heavily  thinned  plots  below  those  on  the  lightly  thinned.  Except  at  the  8- 
|by  8-foot  spacings,  the  differences  among  treatments  were  significant.  By 
final  measurement,  however,  severe  mortality  on  the  check  plots,  and  er- 
ratic mortality  on  the  thinned  plots  at  the  closer  spacings,  had  somewhat 
obscured  this  pattern.  The  thinned  plots  still  averaged  consistently  fewer 
trees  per  acre  than  the  corresponding  check  plots,  but  now  fewer  than 
half  of  the  differences  were  significant  (table  2). 

Thinning  treatment  by  thinning  treatment  within  species,  the  closest 
spacings  had  conspicuously  the  most  trees  per  acre  at  final  measurement 
and  the  widest  had  the  fewest,  just  as  they  had  had  when  first  planted 
(table  2). 

Mean  diameter  breast  high. — In  slash  pine,  mean  diameters  at  final 
measurement  ranged  from  6.5  inches  in  the  unthinned  check  at  5  by  5 
spacings  to  8.3  inches  in  the  lightly  thinned  8  by  8.  In  loblolly,  they  ranged 
from  7.1  inches  in  the  unthinned  check  at  5  by  5  to  8.3  inches  in  the  lightly 
thinned  8  by  8.  In  no  one  spacing  of  either  species,  however,  did  final  di- 
ameters vary  significantly.  The  significance  of  the  differences  observed 
immediately  after  thinning,  and  attributable  to  thinning  treatments,  had 
been  transitory. 

Final  diameters  were,  nevertheless,  consistently  smallest  on  the  un- 
thinned check  plots.  Further,  there  was  a  fairly  strong  trend,  thinning 


Table  2.— Mean  numbers  of  living  trees  per  acre  immediately  after  thinning  and  at  final 
measurement 


Spacing 

Immediately  after  thinning 

At  final  measurement 

(feet) 

Heavy 

Light 

Check 

Heavy 

Light 

Check 

SLASH  PINE 

8  by  8 

432a 

428a 

569a               354a 

337a 

425a 

6  by  6 

526a 

679b 

1,004c                416a 

523ab 

626b 

5  by  5 

630a 

954b 

1,342c               524a 
LOBLOLLY  PINE 

674b 

717b 

8  by  8 

368a 

386a 

549a               274a 

334a 

352a 

6  by  6 

665a 

619a 

958b               405a 

442a 

506a 

5  by  5 

704a 

749a 

1,143b               438a 

493ab 

524b 

Means  within  any  one  species  and  spacing,  if  followed  by  the  same  letter,  do  not  differ  at 
the  0.05  level  of  significance. 


treatment  by  thinning  treatment,  for  final  diameters  to  vary  directly 
with  spacing.  Such  a  trend  is  important  in  two  ways.  Its  onset  affects  the 
age  at  which  commercial  thinning  first  becomes  feasible,  and  its  contin- 
uation after  thinning  affects  the  rotation  age  for  any  desired  final  prod- 
uct and,  possibly,  the  cost  of  final  cutting. 

Live  pulpwood  at  final  measurement. — In  contrast  to  the  often  sig- 
nificantly different  volumes  left  after  thinning,  the  mean  live  pulpwood 
volumes  at  final  measurement  did  not  vary  significantly  within  any  one 
spacing  of  either  species  (table  3). 

Thinning  treatment  by  thinning  treatment,  final  live  volumes  of  lob- 
lolly pine  varied  inversely  with  width  of  spacing.  In  the  slash  pine  un- 
thinned  checks  the  reverse  was  true;  the  final  live  pulpwood  volumes  var- 
ied directly  with  width  of  spacing.  Under  both  intensities  of  thinning  in 
slash  pine,  almost  certainly  because  of  confounding  of  unreplicated 
spacing  with  site,  final  live  volumes  were  greatest  at  5  by  5  spacing  and 
least  at  6  by  6  (table  3). 

The  mean  increases  in  volume  between  thinning  and  final  measure- 
ment, expressed  as  percentages  of  the  mean  pulpwood  volumes  left  aft- 
er thinning,  varied  tremendously.  In  slash  pine  they  ranged  from  85  per- 
cent in  the  unthinned  checks  at  5-  by  5-foot  spacing  to  235  percent  in  th* 
lightly  thinned  8  by  8.  In  loblolly  they  ranged  from  145  percent  in  thtt 
unthinned  checks  at  5  by  5  to  223  in  the  heavily  thinned  8  by  8. 

Because  of  wide  variations  among  the  replications  of  like  treat- 
ments, the  increases  did  not  appear  to  vary  significantly  among  thinning  J 
treatments  within  any  one  spacing  of  either  species.  They  did  tend  strong 
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ly,  however,  to  vary  directly  both  with  width  of  initial  spacing  and  with 
intensity  of  thinnings  with  spacings.  In  general  terms,  both  wide  spacing 
and  heavy  thinning  represented  smaller  investments  in  wood  capital  dur- 
ing the  period  between  thinning  and  final  measurement,  and  higher  rates 
of  return  (in  the  form  of  volume  growth)  on  these  investments. 

Total  pulpwood  yield  at  final  measurement. — When  the  mean  volumes 
of  pulpwood  salvages  in  thinning  were  added  to  the  mean  volumes  alive  at 
final  measurement,  the  totals  did  not  differ  significantly  among  thinning 
treatments  (including  the  unthinned  checks)  at  any  spacing  of  either 
species.  There  was,  in  fact,  no  discernible  pattern  of  responses  to  thin- 
ning except  that  in  both  species  the  minimum  total  yield  was  from  heavi- 
ly thinned  8-  by  8-foot  spacing  and  the  maximum  was  from  the  heavily 
thinned  5  by  5  (table  3).  As  the  main  purpose  of  the  thinnings  had  been  to 
increase  yields  by  salvaging  trees  that  would  otherwise  die  before  rota- 
tion age  and  by  stimulating  the  growth  of  trees  retained  after  thinning, 
the  thinnings  reported  here  must  be  judged  ineffective. 

Thinning  treatment  by  thinning  treatment,  mean  total  pulpwood 
yields  tended  strongly  to  vary  inversely  with  width  of  initial  spacing,  ex- 
cept that  in  the  unthinned  slash  pine  checks  they  varied  directly  with  spac- 
ing (table  3).  This  reverse  trend  in  the  slash  pine  checks,  coupled  with  the 
final  survivals  and  final  lives  volumes  shown  in  tables  1  and  3,  suggests 
that  slash  pine  may  be  less  tolerant  of  crowding  than  loblolly  pine. 


Minor  Results 

Mean  total  height  of  all  trees. — In  slash  pine,  mean  total  heights  at 
final  measurement  ranged  from  57  feet  in  the  unthinned  check  at  5  by  5 
spacing  to  63  in  the  lightly  thinned  8  by  8;  in  loblolly,  from  58  in  the  heavi- 
ly thinned  6  by  6  to  63  in  the  lightly  thinned  8  by  8.  Thinning  had  no  sig- 
nificant effect  on  final  heights.  Thinning  treatment  by  thinning  treatment, 
final  heights  in  slash  pine  varied  directly  with  width  of  spacing,  but  in 
loblolly,  presumably  because  of  confounding  of  spacing  with  site,  they 
were  least  at  6  by  6  and  approximately  equal  at  5  by  5  and  8  by  8. 

Degree  of  dominance. — In  slash  pine  at  final  measurement,  mean 
percentages  of  dominant  plus  codominant  trees  ranged  from  38  in  the 
unthinned  checks  at  5  by  5  spacing  to  72  in  the  lightly  thinned  8  by  8.  In 
loblolly  they  ranged  from  47  in  the  unthinned  checks  at  5  by  5  to  73  in  the 
heavily  thinned  8  by  8.  Spacing  by  spacing,  with  one  minor  exception,  per- 
centage of  dominance  was  lowest  in  the  unthinned  checks.  At  5  by  5  spac- 
ing of  each  species,  the  percentage  in  the  checks  was  significantly  lower 
than  that  in  the  thinned  plots.  Except  for  the  differences  among  survival 
percents  and  numbers  of  trees  per  acre  (tables  1  and  2),  these  differences 
in  degree  of  dominance  were  the  only  significant  variations  that,  at  final 
measurement,  were  attributable  to  thinning  treatments. 


Under  all  three  thinning  treatments  in  slash  pine,  and  on  the  un- 
thinned  check  plots  in  loblolly  pine,  percentage  of  dominance  varied  di- 
rectly with  width  of  spacing. 

Degree  of  infection  with  fusiform  rust. — In  slash  pine,  percen- 
tages of  trunk  infection  at  final  measurement  ranged  from  21  to  40;  of 
trunk  infection  plus  infection  in  brances  only,  from  31  to  49.  The  corre- 
sponding values  for  loblolly  were  6  to  19  and  7  to  20.  Although  infection 
was  clearly  greater  in  slash  pine,  both  incidence  of  infection  and  survival 
af  infected  trees  appeared  to  have  been  random  with  respect  to  both 
pacings  and  thinnings.  Certainly  there  was  no  evidence  that  close  spacing 
lad  reduced  the  incidence  of  rust  or  that  purposeful  removal  of  heavily 
infested  trees  in  thinning  had  decreased  the  extent  of  infection  at  the 
end  of  a  feasible  pulpwood  rotation. 

Discussion  and  Conclusions 

The  final  measurements  made  at  ages  30  (in  slash  pine)  and  34  (in  lob- 
olly)  substantiate  many  results  observed  or  predicted  in  previous  articles 
>n  tests  of  Southern  pine  thinnings  and  spacings  (1,  2,  3,  i,  5,  6,  8,  9,  10, 
1).  Specifically,  the  present  study  confirms:  1. — The  adverse  effect  of 
lose  spacing  upon  diameter  growth  but  its  generally  favorable  effect 
ipon  pulpwood  yield  per  acre.  2. — The  frequently  very  similar  effects, 
lpon  growth  and  yield,  of  distinctly  different  thinning  treatments.  3.— 
The  not  uncommon  failure  of  thinning  to  increase  significantly  the  total 
)ulpwood  production  per  acre  but  its  fairly  consistent  tendency  to  result 
jn  larger  diameters  at  final  measurement.  4.— The  failure  of  spacing  to 
Effect  appreciably  the  extent  of  rust  infection  at  final  measurement. 

Several  of  the  articles  cited  (3,  U,  9,  10,  11)  indicate  that  some  or  all 
if  the  thinning  treatments  they  describe  were  financially  advantageous. 
Wch  indications,  especially  those  based  on  measurements  made  at  only 
ialf  to  two-thirds  of  rotation  age,  are  highly  speculative.  They  involve 
fssumptions  (concerning  costs,  interest  rates,  markets,  and  future 
Irrowth)  that  are  not  pertinent  to  the  present  study.  The  simplest  and  most 
jealistic  economic  evaluation  of  the  spacing  and  thinning  experiments 
jeported  here  would  seem  to  be  one  made  in  the  combined  light  of  the 
general  setting  of  the  plantations,  certain  principles  regarding  planting 
ind  thinning  costs,  and  the  yields  obtained  from  the  experimental  plots. 

In  the  decades  since  these  plots  were  established,  woods  labor  has  be- 
come increasingly  hard  to  obtain,  and  labor  costs  have  risen  greatly,  with 
Utle  indication  of  stabilization  even  at  present  levels.  The  trend  in  the 
iulp  industry  is  toward  mechanization  of  woods  operations;  row  thinning 
ends  itself  better  to  mechanization  than  does  the  removal  of  individual- 
,y  marked  trees;  and  mechanization  of  either  type  of  thinning  would  be 
'acilitated  by  wide  spacing.  Planting  continues,  but,  spacing  by  spacing, 
it  far  higher  costs  than  those  prevalent  when  the  experimental  planta- 
ions  were  established. 


As  numbers  of  trees  planted  per  acre  decrease,  costs  of  planting 
stock  per  acre  decrease  in  direct  proportion.  Corresponding  decreases  in 
costs  of  labor  for  planting  are  relatively  greater  because  the  wider  spac- 
ings  involve  not  only  fewer  trees  to  plant  but  also  fewer  traverses  of  | 
each  acre.  The  cost  per  cord  of  cutting  pulpwood  decreases  with  increas- 
ing mean  diameter  of  the  trees  cut.  In  marking  thinnings,  costs  are  least 
in  the  simplest  systems.  The  cost  of  the  removing  pulpwood  in  thinnings 
would  ordinarily  be  reduced  by  mechanization  and,  whether  the  work  was  ■ 
mechanized  or  done  by  hand,  probably  would  be  lowest  in  one  or  another 
form  of  row  thinning. 

In  the  light  of  these  local  circumstances  and  of  the  general  princi- 
ples governing  costs,  the  least  intensive  and  most  intensive  treatments  i 
tested  in  the  Bogalusa  plantations  can  be  compared  in  terms  of  the  results ! 
observed  at  final  measurement. 

In  each  species  the  least  intensive  treatment  was  planting  at  8-  by  8-J 
foot  spacing  without  subsequent  thinning.  The  most  intensive  was  plant-] 
ing  at  5  by  5,  with  a  single  commercial  thinning.  As  severity  of  thinning 
did  not  significantly  affect  results  within  spacings,  both  the  diameters  and: 
the  total  yields  resulting  from  light  and  heavy  thinnings  are  averaged  in j 
the  following  examples. 

In  slash  pine  at  age  30  years,  the  mean  total  pulpwood  yield  of  the 
unthinned  check  plots  at  8  by  8  spacing  was  52.4  cords  per  acre.  That  of  j 
the  thinned  plots  at  5  by  5  was  53.3  cords  per  acre,  or  1.7  percent  higher. 
Only  636  trees  per  acre,  however,  had  been  planted  in  the  8  by  8  spacing,  as 
against  1,556  per  acre  in  the  5  by  5.  The  1.7-percent  increase  in  yield,  there- 
fore, was  obtained  at  a  145-percent  greater  cost  of  establishment.  At  age 
30,  moreover,  the  mean  diameter  on  the  unthinned  check  plots  at  8  by  8* 
was  7.9  inches,  as  against  a  mean  of  6.9  inches  on  the  thinned  plots  at  5  by 
5.  The  difference  would  have  made  the  pulpwood  on  the  8  by  8  check  plots 
appreciably  cheaper  to  cut. 

In  loblolly  pine  at  age  34  years  the  unthinned  check  plots  at  8  by  8  had 
a  mean  total  pulpwood  yield  of  39.9  cords  per  acre;  the  thinned  plots  at  5 
by  5  had  a  mean  total  yield  of  48.0  cords,  or  20.3  percent  more.  This  in- 
crease, however,  was  associated  with  the  planting  of  1,624  trees  per  acrei 
at  5  by  5  spacing,  at  an  establishment  cost  172  percent  greater  than  that 
of  the  598  trees  planted  per  acre  at  8  by  8.  Further,  the  mean  diameter  off 
the  trees  on  the  unthinned  check  plots  at  8  by  8  was  8.1  inches,  as  against  a 
mean  of  7.2  inches  on  the  thinned  plots  at  5  by  5. 

In  both  species  the  cost-and-return  relationships  for  6  by  6  spacing 
were  intermediate  between  those  of  the  8  by  8  and  the  5  by  5. 

To  sum  up,  the  thinnings  described  here  had  no  significant  effects  on 
final  yields  or  on  the  degree  of  rust  infection  at  final  measurement.  Im 
terms  both  of  financial  returns,  however,  and  of  total  requirements  for 
labor,  8-  by  8-foot  spacing  without  subsequent  thinning  appeared  clearly 
preferable  to  planting  at  closer  spacings,  either  with  or  without  thinning. 
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CAUTION: 

Many  species  of  mushrooms  that  are  deadly  to  man 
are  apparently  harmless  to  wildlife.  Animal  use  does 
not  indicate  edibility  for  humans. 
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Fleshy  Fungi  Commonly  Eaten 
By  Southern  Wildlife 


Howard  A.  Miller    and  Lowell  K.  Halls 


Mushrooms  appear  to  be  an  important  com- 
ponent of  the  diet  for  wildlife  in  the  South. 
They  are  eaten  by  deer,  small  mammals  such 
as  squirrels  and  other  rodents,  birds,  turtles, 
and  numerous  species  of  insects. 

In  winter,  when  the  food  needs  of  wildlife 
are  usually  critical,  mushrooms  are  particu- 
larly important,  especially  to  white-tailed  deer. 
During  this  period  the  highly  nutritious  mush- 
rooms help  to  compensate  for  nutrient  defici- 
encies in  native  forage. 

At  the  Atomic  Energy  Commission's  Savan- 
nah River  Project  in  South  Carolina,  David  F. 
Urbston  of  the  USDA  Forest  Service  reported 
that  deer  ate  mushrooms  at  all  seasons  ( un- 
published data).  In  an  analysis  of  100  deer 
stomachs,  he  found  that  95  percent  contained 
mushrooms  or  other  fungi,  varying  in  volume 
from  a  trace  to  83  percent.  Strode  (21 )  lists 
mushrooms  as  the  most  important  food  for  deer 
on  the  Ocala  National  Forest  in  Florida.  He 
found  that  79  percent  of  deer  stomachs  exam- 
ined contained  mushrooms;  percent  by  volume 
was  24.  In  Missouri,  50  out  of  270  deer  stom- 
achs contained  fungi  (14). 

While  at  the  Southeastern  Forest  Experiment 
Station,  Charles  Cushwa  and  colleagues  col- 
lected stomach  samples  from  deer  in  the  major 
physiographic  provinces  of  the  Southeast.  Per- 
cent of  stomachs  containing  mushrooms  ranged 
from  10  to  100,  depending  on  province  and 
season;  content  by  volume  ranged  from  1  to 
27  percent  (  unpublished  ) .  Use  was  generally 
highest  in  summer. 

Game  birds  such  as  grouse,  turkeys,  and 
quail  feed  heavily  on  mushrooms.  Grouse  and 
turkeys,  which  are  strong  scratchers,  easily 
uncover  mushrooms  hidden  by  pine  needles  or 

1  Formerly  Branch  Chief,  Wildlife  Management.  Southern 
Region.  USDA  Forest  Service.  Now  consulting  forester  and 
biologist,   Marietta.   Georgia. 

-  Halls  is  on  the  staff  of  the  Wildlife  Habitat  and  Silviculture 
Laboratory,  which  is  maintained  at  Nacogdoches,  Texas, 
by  the  Southern  Forest  Experiment  Station  in  cooperation 
with   Stephen  F.  Austin   State  University. 


hardwood  leaves.  Broken  ends  and  threads  of 
mycelia  that  have  been  pulled  up  indicate  the 
presence  of  fungi  and  use  by  birds.  Quail, 
being  weak  scratchers,  often  feed  on  pieces  of 
mushroom  left  by  rodents. 

Among  rodents  that  eat  mushrooms  are 
squirrels  and  white-footed  and  deer  mice.  The 
western  gray  squirrel  feeds  heavily  on  sub- 
terranean fungi,  such  as  false  truffles.  The 
eastern  gray  squirrel  favors  above-ground 
mushrooms.  In  Ohio,  mushrooms  ranked  high 
in  the  gray  squirrel  diet  (18).  In  Virginia, 
fleshy  fungi  constituted  26  percent  of  the  fall 
diet  and  16  percent  of  the  winter  diet  of  gray 
squirrels  (5). 

The  fruiting  bodies  of  mushrooms,  which 
are  often  heavily  infested  by  insects,  are  also 
a  source  of  food  for  birds.  Robins  and  bluejays, 
for  example,  frequently  tear  mushrooms  apart 
in  search  of  larvae. 

Four  species  of  mushrooms  are  preferred  far 
more  than  others.  In  order  of  preference  they 
are  peppery  lactarius  (Lactarius  piperatus), 
little  red  russula  (Russula  roseipes),  honey 
mushroom  (Armillaria  mellea),  and  granulated 
bolete  (Suillus  granulatus). 

Purpose  of  this  guide  is  to  aid  in  identifica- 
tion of  mushrooms  commonly  eaten  by  wildlife 
in  the  southern  forests  extending  from  Texas 
to  Virginia.  In  addition,  the  aim  is  to  stimulate 
interest  in  research  on  mushrooms  as  wildlife 
food  and  on  their  ecology  and  growth. 

The  fungi  described  here  occur  commonly  in 
one  or  more  physiographic  provinces  of  the 
South.  They  are  known  to  be  eaten  by  one  or 
more  species  of  wildlife.  Their  fruiting  bodies 
are  large  enough  (i.e.,  at  least  2  inches  in 
diameter)  to  provide  a  substantial  segment  of 
the  diet  for  larger  birds  and  mammals.  Only 
mushrooms  that  meet  these  requirements  ac- 
cording to  present  knowledge  are  included  here. 
For  those  interested  in  additional  information, 
a  list  of  comprehensive  manuals  is  provided. 


NUTRITIVE  VALUE 

Fresh  fleshy  fungi  have  high  moisture  con- 
tents, usually  between  75  and  90  percent.  Thus, 
rather  large  volumes  have  to  be  consumed  to 
provide  adequate  protein  and  phosphorus.  A 
protein  content  of  about  30  percent  of  dry 
weight  has  been  reported  for  a  typical  Mor- 
chella  (17).  Crude  protein  content  averaged 
17  percent  (dry  weight  basis)  for  several  speci- 
mens of  Hygrophorus,  Armillaria,  Russula, 
Clitocybe,  Tricholoma,  Pholiota,  and  Amanita 
collected  during  late  autumn  in  Georgia;  the 
range  was  from  12  to  27  percent.  Phosphorus 
averaged  0.40  percent,  ranging  from  0.20  to 
0.58  percent. 

In  east  Texas,  specimens  of  Hygrophorus  and 
Amanita  collected  during  early  winter  av- 
eraged 23  percent  crude  protein  and  0.55  per- 
cent phosphorus.  The  same  samples  averaged 
only  12  percent  in  crude  fiber  content,  an  indi- 
cation that  they  are  readily  digestible  by  rumi- 
nants such  as  cattle  and  deer. 

Samples  of  Morchella,  Rhizopogon,  Cortin- 
arius,  Amanita,  Clitocybe,  and  Lactarius  col- 
lected in  May  averaged  30  percent  crude  pro- 
tein, 17  percent  crude  fiber,  and  0.68  percent 
phosphorus. 

HABITAT  REQUIREMENTS 

Fleshy  fungi  are  particularly  abundant  in 
the  litter  on  the  forest  floor.  Some  fungi  are 
found  only  in  association  with  conifers  and 
others  with  hardwoods.  Some  seem  to  be  de- 
pendent upon  a  single  tree  species.  A  few  are 
parasitic  on  other  mushrooms.  Certain  fungi 
are  especially  numerous  in  soils  where  organic 
content  is  high.  A  few  live  mainly  on  the  slash 
left  after  logging  of  hardwoods.  Many  estab- 
lish a  mycorrhizal  association  with  tree  roots. 

The  mushroom  population  in  the  forest 
changes  with  the  seasons.  Morchella,  or  morels, 
usually  appear  in  the  coolness  of  early  spring, 
Boletus  in  the  summer,  Cortinarius  in  autumn, 
Hygrophorus  in  early  winter,  and  Collybia 
during  winter  (15). 

The  greatest  number  of  species  are  usually 
found  where  the  forest  floor  is  covered  with 
sufficient  humus,  dead  leaves,  thick  moss,  or 
other  debris  to  hold  moisture.  Mycelia  can 
live  for  many  years,  and  mushrooms  are  often 
found  in  about  the  same  spot  each  year.  During 


a  drought,  fruiting  bodies  are  seldom  seen,  an 
a  long  rainy  spell  may  be  necessary  before  the 
appear  above  ground.  Except  where  rotte 
logs  and  woods  retain  moisture,  a  single  heav 
rain  or  even  a  number  of  scattered  showei 
may  not  be  sufficient  to  induce  growth  (12 

Certain  conditions  of  temperature  and  hi 
midity  must  be  present  even  when  soil  moi: 
ture  is  ample.  Commercial  mushrooms  grow 
best  between  50°  and  60°F.,  but  in  the  wil 
there  is  a  wider  tolerance  (15).  If  showei 
occur  frequently  during  warm  weather,  a  larg 
number  of  species  can  be  found  fruiting  simu 
taneously  in  a  small  area  (20). 

Since  mushrooms  lack  chlorophyll  and  g( 
their  food  from  organic  matter,  d;rect  sunligl 
is  not  necessary  for  growth.  The  mycelium  : 
capable  of  fruiting  even  under  dense  shadi 
given  the  proper  temperature  and  moistun 
This  characteristic  will  become  increasing! 
important  in  management  of  game  habitat  ur 
der  dense  pine  stands  grown  on  short  rotation: 

Any  forest  management  practice  that  resull 
in  disturbance  to  the  soil  or  an  accumulatio 
of  derbis  and  organic  material  will  usuall 
affect  the  mushroom  population.  Species  c 
mushrooms  that  live  on  slash  and  downed  tree 
should  increase  for  several  years  followin 
logging.  Later,  as  the  debris  breaks  dowi 
additions  to  the  duff  provide  a  medium  o 
which  a  large  number  of  mushrooms  of  othe 
species  live. 

Burning,  an  important  management  tecl" 
nique,  often  causes  certain  fungi  to  fruit  fo 
a  few  years,  after  which  they  are  not  see 
until  the  next  burn.  On  six  burned  plots  c 
loblolly  and  shortleaf  pines  (Pinus  taeda.  I 
echinata),  the  senior  author  observed  that  fir 
apparently  induced  heavy  fruiting  of  Suillu 
granulatus,  Russula  delica,  R.  variata,  Am. 
Maria  ventricosa,  and  Hygrophorus  tennesseer 
sis.  On  the  other  hand,  where  fire  destroys 
substantial  proportion  of  the  litter,  the  numbe 
and  kinds  of  fleshy  fungi  will  probably  declim 

In  southern  forests  where  upland  hardwooc 
have  been  converted  to  pines,  certain  musl 
rooms  that  were  scarce  or  absent  among  th 
hardwoods  become  abundant.  Species  such  i 
Amanita  verna,  A.  chlorinosma,  and  Lactarh 
piperatus  tolerate  the  high  density  of  your 
stands  and  the  lack  of  hardwood  litter  ar 
debris. 


Agaricaceae 


Members  of  the  family  Agaricaceae  are  para- 
sol-shaped fungi  bearing  gills  under  the  cap. 
They  are  sometimes  known  as  the  true  mush- 
rooms. The  agarics  may  be  grouped  according 
to  the  color  of  their  spore  masses.  Wildlife 
[apparently  prefer  those  in  the  white,  pink, 
purple-brown,   and  yellow-brown  groups.     No 


use  of  species  with  black  spores  has  been  ob- 
served, probably  because  as  the  fungi  mature 
the  caps  and  gills  liquify  through  a  process 
of  autodigestion. 

Species  described  here  are  arranged  al- 
phabetically by  genera  within  spore-color 
groups. 


Amanita 


Amanitas  are  eaten  by  deer,  squirrel,  turkey, 
grouse,  and  other  birds  and  mammals.  Most 
}f  them  are  deadly  to  humans,  however. 

These  beautiful  mushrooms  range  in  color 
from  pure  white  to  brilliant  red  and  orange. 
The  spores  are  white  and  the  gills  are  free  or 
only  slightly  attached  to  the  stem.  The  outer 
peil,  when  broken,  becomes  the  volva  or  cup 
jit  the  base  of  the  stem.  The  inner  veil,  when 
broken,  becomes  the  ring  on  the  stem. 

Species  described  here  are  common  in  south- 


ern pine-hardwood  forests 


Browning  Amanita 

Amanita  brunnescens 

CAP  Wz  to  4  inches  wide;  conical,  becom- 

ing flat  convex  with  small  umbo; 
tan  to  gray-brown,  smoky;  nauseous 
odor 

GILLS       white;  close;  medium  broad 

STEM        2  to  5  inches  long;  tapering  upward 
and  often  splitting  up  and  down 

RING         on  upper  portion  of  stem 

VOLVA     a  shallow  cup,  if  at  all 

Occurs   from   June   through   Au- 
gust. 

Caesar's  Mushroom 

Amanita  caesarea 

CAP  2  to  5  inches  wide;  conical,  becoming 

convex  to  flat;  red  to  orange;  scales 
rarely  found  on  mature  specimens 

GILLS       white  or  slightly  yellow;  close  and 
medium  broad 

STEM        4  to  7  inches  long;  yellowish 

RING         yellowish 

VOLVA     deep,  well-formed  white  cup 

This  colorful  mushroom  is  found 
from  July  through  August. 


Chlorine    amanita — sectioned 

Chlorine  Amanita 

Amanita  chlorinosma 


CAP 


3  to  10  inches  wide;  conical;  whitish 
or  pale  cream;  has  odor  of  strong 
lime  or  old  ham 


GILLS       white  to  creamy;  close 

STEM        4    to     10    inches    long;    bulbous    at 
ground 


i. 


Caesar's     mushroom — mature     and     immature 


Chlorine    amanita 


RING         fragile,  soon  disappears 

VOLVA     mealy  powder  on  base  of  stem 

Warty  scales  on  the  central  por- 
tion become  soft  and  powdery  and 
often  fall  from  the  cap  and  stem 
fruiting  bodies  occur  from  July  tc 
November. 

Tawny  Amanita 

Amanita  julva 

CAP  1   to  4  inches  wide;  conical;  tawnj 

to  gray  or  pale  orange  to  buff,  wit! 
conspicuously  striate  margin 

GILLS       white,  close  and  narrow 

STEM        3  to  5  inches  long;  whitish  above  an< 
dull  yellow  below 

RING         not  evident 

VOLVA     white;  deeply  cup-like 

Occurs    solitarily    and    scatterec 
June  to  August. 


Tawny    amanita 

Fly  Mushroom 

Amanita  muscaria 

CAP  4  to  6  inches  wide;  egg-shaped  when 

young;  convex  to  flat  and  often 
slightly  concave  when  mature;  sur- 
face pale  yellow  to  orange,  some- 
times reddish,  often  with  white  or 
pale  yellow  scales  in  concentric 
rings 

GILLS  white,  turning  yellow;  close  and 
broad 

STEM  4  to  6  inches  long;  enlarged  at  base 
and  tapering  upward;  yellowish 
white 

RING  fragile,  often  hanging  from  stem  or 

cap  edge 

VOLVA  scales  or  broken  ridges  encircling 
lower  stem  and  bulb 

Found  from  June  to  October. 


Fly    amanita 

Solitary  Amanita 

Amanita  solitaria 

CAP  3  to  5  inches  wide;  first  conical,  later 

flat,  surface  white  or  nearly  so  with 
brownish  warts 

GILLS       white  to  yellowish;  close 

STEM        4  to  8  inches  long;  scaly  and  bulbous 
at  ground  line 

RING         white;  at  first  attached  to  stem;  rem- 
nants of  veil  often  persist  on  gills 

VOLVA     scales  on  base;  no  well-formed  cup 
Occurs  singly,  June  through  Au- 
gust. 

Solitary   amanita 


GILLS       faintly  serrate  in  older  specimens 

STEM        4  to  7  inches  long;  white;  bulbous  a 
base 

RING         white,    often    hanging    from    uppe: 
portion  of  stem 

VOLVA     cup-like,  often  in  soil 

Usually  grows  solitarily  or  ii 
small  groups,  June  to  August;  dead 
ly  to  humans. 


Solitary  amanita — veil  remnants 

Destroying  Angel 

Amanita  verna 

CAP  2  to  5  inches  wide;  convex  to  flat; 

white 


Destroying  angel 


Armillaria 


Species  in  this  genus  have  white  spores,  and 
the  gills  are  attached  to  the  stalk.  A  ring  occurs 
on  the  stem,  but  it  is  often  inconspicuous  and 
short-lived.  In  contrast  to  amanitas,  armillarias 
have  no  volva.  The  stem  is  continuous  with 
the  cap  and  does  not  separate  readily.  Armil- 
larias differ  from  lepiotas,  the  other  white- 
spored  mushroom  with  a  ring,  by  their  attached 
gills;  in  lepiotas  the  gills  are  free.  Armillarias 
occur  in  pine  and  pine-mixed  hardwoods  in 
the  mountains,  Piedmont,  and  upper  Coastal 
Plain. 


Booted  Armillaria 

Armillaria  caligata 

CAP  2  to  6  inches  wide;  flat  or  funnel- 

shaped  at  maturity;  reddish-brown 
scales  tinged  with  purple 

GILLS       white  to  grayish,  turning  brown  with 
age 


STEM 


RING 


2  to  3  inches  long;  brownish  an< 
scaly  below,  white  and  smooth  a 
bove 

flaring  and  conspicuous 

The  lower  portion  and  light  up 
per  part  resemble  a  boot;  commoi 
in  autumn;  often  associated  witl 
huckleberry  thickets. 

Booted  armillaria — variant 


Honey  Mushroom 

Armillaria  mellea 

CAP  2  to  5  inches  wide;  convex  to  flat 

when  mature;  honey-colored  or 
brown,  usually  scaly;  surface  of 
young  plants  sticky 

GILLS       decurrent;  pale  yellow  to  white,  fre- 
quently brownish  when  mature 

STEM        4  to  10  inches  long;  tapering  down- 
ward and  scaly  to  pointed  "root" 

RING         at  first  stands  out  like  collar,  later 
collapses  and  may  disappear 

This   common   mushroom   grows 
abundantly  in  large  clusters  about 


stumps  of  deciduous  trees;  it  often 
produces  black  strands  of  fungal 
filament,  under  the  bark,  that  re- 
sembles shoestrings;  found  mainly 
in  September  and  October. 

Swollen-Stalked  Armillaria 

Armillaria  ventricosa 

CAP  4   to    12   inches   wide;    depressed   in 

center  when  young,  flat  or  funnel- 
shaped  when  mature;  shining  and 
smooth;  whitish  or  silver-gray 

GILLS       decurrent;  narrow  and  white 

STEM        2  to  6  inches  long;  stout;  tapering 
rapidly  to  point 

RING         flaring  and  prominent 

This  species  is  important  to  deer 
in  late  fall  and  winter. 


Honey  mushroom — squirrels  and  turkeys 
feed  heavily  on  this  species. 


Swollen-stalked   armillaria 


Lepiota 


Most    Lepiota    species    have    white    spores 
Ijthough    some    have    cream-colored    or    green 
ispores.   All  have  a  ring  on  the  stem,  which  sep- 
arates readily  from  the  cap.   The  gills  are  free. 
f:Lepiotas  resemble  amanitas  except  that  they 
[(do  not  have  a  cup.    They  grow  on  the  ground, 
Jon  debris,  or  on  rotten  wood.    Wildlife  do  not 
(feed  heavily  on  them,  probably  because  they 
pccur  along  with  large  and  succulent  species  of 
uLactarius,  which  may  be  more  attractive.  Three 
SEpecies,  however,  are  locally  common  enough 
Bto  be  considered  valuable  for  wildlife. 


CAP 


GILLS 


STEM 


RING 


Green-Gilled  Mushroom 

Lepiota  molybdites 

3  to  8  inches  wide;  buff  with  pale 
brownish  scales 

becoming  dull  green  with  maturity; 
spores  green  in  mass 

3  to  8  inches  long;  tapering  toward 
bulbous  base 

whitish;  becomes  movable 


Found  mainly  in  grasslands,  July 
to  early  fall. 


Grows  on  the  ground  in  grass- 
lands and  open  hardwood  types, 
June  to  October. 


Green-gilled  mushroom — immature  group 


Smooth  Lepiota 

Lepiota   naucina 

CAP  2  to  4  inches  wide;  oval  when  young, 

later  convex  to  almost  flat;  surface 
smooth  or  faintly  cracked;  white 
with  central  portion  frequently 
smoky 

GILLS  close  and  white  when  young,  later 
turning  pinkish  and  finally  pale 
brown;  edge  serrate;  spores  white 

STEM  2  to  5  inches  long;  tapering  upward 
from  bulbous  base;  white  and  hol- 
low when  mature 

RING         prominent,  sticking  out  from  stem 


Smooth   lepiota 

Parasol  Mushroom 

Lepiota  procera 

CAP  2  to  6   inches  wide;   reddish   brown 

with  conspicuous  concentric  brown 
ish  scales 

GILLS       close;  white,  then  pinkish  or  brown- 
ish; spores  white 

STEM        6    to   9    inches    long   with   brownish 
scales  and  bulbous  base 

RING         movable 

A  grassland  species,  July  to  early 
fall. 
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Russula 


The  species  number  in  the  hundreds.  Many 
are  yet  to  be  described.  They  are  widely  dis- 
tributed and  occur  in  all  major  cover  types. 
Judging  from  the  use  by  wildlife,  they  are 
quite  palatable. 

Russula  species  have  no  ring  or  cup.  The 
stem  and  cap  are  continuous.  Cap  colors  range 
from  dingy  white  through  all  the  colors  of  the 


rainbow.  The  spore  mass  is  basically  white 
or  pale  cream,  but  in  several  species  it  is  bright 
yellow.  The  gills  are  brittle  and  easily  break 
into  small  pieces. 

This  genus  resembles  Lactarius  in  many 
ways.  General  shape  and  growth  habits  are 
similar.  During  wet  weather  both  may  exude 
droplets  of  liquid  from  their  gills  and  the  edges 


of  their  caps.  Russulas  will  not,  however,  exude 
a  milky  substance  from  the  flesh  of  the  cap, 
when  broken. 


Typical    russula 


Scarlet  Russula 

Russula  borealis 

CAP  3  to  7  inches  wide;  spherical  when 

young,  later  flat  or  depressed  in 
the  center;  dry  and  not  sticky,  eas- 
ily peeled  from  surface;  white  flesh 
tinged  red  beneath  cuticle;  scarlet 
or  blood-red  in  center,  fading  to- 
ward edge 

GILLS       short,  decurrent;  spore  mass  yellow 

STEM  3  to  5  inches  long;  uniform  in  diam- 
eter; often  white,  spotted  or  tinged 
with  red 

Occurs  usually  in  groups  of  two 
to  four,  August  to  October. 


Encrusted  Russula 

Russula  crustosa 

CAP  2  to  5  inches  wide;  depressed  in  cen- 

ter; margin  recurved  when  young, 
later  upraised  and  striate;  surface 
sticky  and  greenish,  appearing 
crusted  and  scaly 

GILLS       white,  later  buff;  spores  whitish 

STEM        2  to  4  inches  long;  white;  thick  at 
tip  and  tapering  toward  base 
Found  in  summer. 

Zoned-Stem  Russula 

Russula  delica 

CAP  5  to  10  inches  wide;  at  first  with  cen- 

tral depression;  margin  upraised 
later  so  cap  has  broad  funnel  shape; 
smooth  but  sometimes  faintly  hairy; 
surface  dull  white  with  rusty  brown 
patches,  yellowish  stains,  and  con- 
centric rings 

GILLS  short  decurrent;  white;  short  and 
long  gills  alternating;  spore  mass 
creamy  white  with  faint  pinkish 
cast 

STEM         Vi   to    l:/2    inches   long;   cylindrical; 
usually  with  blue-green  ring  at  top 
Fruits  from  August  through  De- 
cember. 


CAP 


r'WGLs-L''  GILLS 


Scarlet  russula  sectioned 


Zoned-stem    russula — sectioned 

Fetid  Russula 

Russula  joetens 

2  to  5  inches  wide;  sticky;  at  first 
spherical,  later  flat  or  nearly  so 
with  tan  to  pale  brown,  coarsely 
striate  margin 

pale  yellow;  short  decurrent  or  at- 
tached;   usually    exudes    drops    of 


Fetid    russula 

liquid     from     edges     when     fresh; 
spores  white 

STEM  2  to  4  inches  long;  white  or  pale 
brown  where  bruised;  quickly  hol- 
lowed out  by  insect  larvae;  putrid 
odor  when  mature 

Occurs  from  July  through   Sep- 
tember. 


Little  Red  Russula 

Russula  roseipes 

CAP  1V2   to  3   inches  wide;   convex;   flat 

or  slightly  depressed  in  center; 
sticky  when  young;  margin  prom- 
inently striate;  cuticle  easily  peels 
off;  surface  bright  red  and  may  be 
slightly   yellow   in   center 

GILLS  free  or  slightly  attached;  white  when 
young,  turning  yellow  with  matur- 
ity; spores  yellow 

STEM  1  to  2  inches  long;  cylindrical  or 
slightly  tapered  upward;  white  or 
pale  red;  spongy 

Usually  found  scattered  under 
conifers  but  sometimes  occurs  in 
pine-hardwood  types,  August  to  Oc- 
tober. 


Little    red    russula — sectioned 


Wildlife     apparently     prefer     little     red     russula 
more   than    most   species. 


Variable  Russula 

Russula  variata 

CAP  2  to  4  inches  wide;  pinkish  to  deep 

wine  and  lavender;  convex  to  flat, 
often  with  depression  in  center 

GILLS        white;  finely  branched  toward  out- 
side 


Variable    russula 
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STEM        2  to  4  inches  long,  white,  moderately 
stout 

Found  in  pine  types  in  the  Coast- 
al Plain  and  among  hardwoods  in 
the  mountains;  fruits  from  May  to 
September  and  is  responsive  to  fire. 

Green  Russula 

Russula  virescens 

CAP  2  to  6  inches  wide;  flat  to  slightly 

depressed  in  center;  green  to  gray- 
ish-green or  olive;  at  maturity  solid 
color  breaks,  showing  white  flesh 
beneath 

GILLS       white,  free;  spores  white 

STEM         1  to  3  inches  long;  thick  and  often 
tapered  near  base  or  on  both  ends 
Grows  singly  from  June  through 
October. 


Sfc'^riHE'ftw 


Green    russula 


Lactarius 


Members  of  this  genus  are  among  the  largest 
and  showiest  mushrooms  in  the  woods.  They 
are  highly  attractive  to  insects,  rodents,  and 
deer.  An  untouched,  mature  specimen  is  rarely 
found. 

Species  range  from  about  4  inches  in  diame- 
ter to  as  large  as  a  dinner  plate.  They  have 
white  spores  and  attached  or  decurrent  gills. 
Cap  and  stem  are  continuous.  The  cap  is  more 
often  depressed  to  funnel-shaped.  The  single 
most  distinguishing  character  is  the  presence 
of  white  or  colored  juice  when  the  cap  is 
broken.  In  wet  weather,  droplets  often  ooze 
from  the  gills.  Droplets  are  not  visibly  exuded 
from  old  dry  specimens;  a  low-power  lens  may 
be  required  to  distinguish  their  presence. 

The  genus  is  well  distributed  in  the  moun- 
tains, the  Piedmont,  and  Coastal  Plains,  as  well 
jas  on  flood  plains  of  the  major  rivers.  It  is 
mostly  terrestial,  sometimes  on  much  decayed 
wood.  Lactarius  species  often  occur  in  large 
numbers  in  the  open  woods  of  higher  ground. 


Blue  Lactarius 

Lactarius  indigo 

CAP  2  to  6  inches  wide;  convex  with  cen- 

tral depression  when  young,  becom- 
ing broad,  funnel-shaped  at  matur- 
ity; concentric  bands 

GILLS       blue,  at  times  pale  green;  decurrent 
and  occasionally  forked 


Blue  lactarius 


STEM         1  to  3  inches  long;  stout;  blue 

Grows  solitarily,  August  and  Sep- 
tember; blue  juice  exuding  from 
cap  and  gills. 

Peppery  Lactarius 

Lactarius  piperatus 

CAP  4  to  12  inches  wide;  margin  incurved 

at  first,  center  later  depressed  to 
funnel-shaped;  surface  white,  dry, 
smooth 


Peppery   lactarius 

GILLS  white,  decurrent,  crowded,  and 
forked 

STEM  1  to  3  inches  long;  white  and  stout, 
often  tapering  downward;  may  be 
finely  pubescent 

Grows   in   hardwood   stands   and 
occasionally   in   pines,   August   and 


September;  normally  in  groups  of 
four  to  eight  but  sometimes  found 
singly;  juice  white. 

Orange-Brown  Lactarius 

Lactarius  volemus 

CAP  2   to  4   inches  wide;   flat  to   convex 

when  young,  later  funnel-shaped; 
golden  brown;  smooth  but  some- 
times with  small  pinpoint-sized 
spots 

GILLS  decurrent;  pale  cream  or  brownish; 
occasionally  forked 

STEM  2  to  4  inches  long;  colored  like  cap 
or  paler;  usually  solid  and  cylindri- 
cal. 

Scattered   throughout   Southeast, 
June  through  August;  juice  is  white. 


Orange-brown    lactarius 


Cantharellus 


Cantharellus  species  have  vase-like,  funnel- 
shaped  caps  and  long  decurrent,  forked  gills 
that,  in  most  cases,  are  so  thick  that  they  re- 
semble folds  rather  than  gills.  The  ring  and 
cup  are  absent  and  the  stem  and  cap  are  con- 
tinuous. 


Chanterelle 

Cantharellus  cibarius 

CAP  3  to  8  inches  wide;  first  convex  then 

flat,  later  shallow  and  funnel- 
shaped;  margin  curved  down,  wavy; 
yellowish  to  buff  and  orange 
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GILLS  yellow;  thick  and  forking;  spores 
pinkish-yellow  or  cream 

STEM  1  to  3  inches  long;  thick  at  top  and 
tapering  downward,  same  color  as 
gills,  or  lighter 

Grows  scattered  or  in  groups  on 
the  ground,  June  through  August; 
similar  to  Craterellus  cantherellus 
but  has  true  gills  instead  of  folds. 


CAP 


GILLS 


STEM 


Shaggy  Chanterelle 

Cantharellus  floccosus 

2  to  4  inches  wide;  almost  cylindrical 
with  flat  top  at  first,  later  deeply 
funnel-shaped;  yellow  to  pale  or- 
ange and  scaly 

ridge-like  or  folded;  forking  and  pale 
yellow;  spores  yellowish-cinnamon 

1  to  2  inches  long;  not  distinct  from 
cap;  pale  yellow  and  often  covered 
with  white  mycelium  at  base 

Fruits  from  May  through  Septem- 
ber. 


The  chanterelle 


Shaggy    chanterelle 


Hygrophorus 


Gills,  the  principal  means  of  identification, 
are  soft,  waxy,  and  widely  spaced;  they  are 
not  brittle.  Gills  are  sharp  at  the  edges  but 
thicken  toward  the  cap;  they  are  triangular  in 
cross-section.  Spores  are  white.  The  stem  is 
aollow  at  maturity  and  is  sometimes  twisted 
and  split  lengthwise.  Hygrophorus  species  are 
hot  large  mushrooms.  The  stem  and  cap  are  not 
continuous  but  do  not  separate  easily  from 
Dne  another. 


CAP 


Scarlet  Hygrophorus 

Hygrophorus  coccineus 

1  to  2  inches  wide;  conical  at  first, 
becoming  upturned  and  wavy;  scar- 
let-red, fading  somewhat  with  age 


GILLS       orange-red   or   yellow-orange;   alter- 
nately long  and  short;  spores  white 
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STEM        1  to  3  inches  long;  same  color  as  cap 
but  with  white  base 

Grows    on   the    ground    in    open, 
grassy   woods,   July   to   November. 


Scarlet    hygrophorus 

Russula  Hygrophorus 

Hygrophorus  russula 

CAP  2    to    5    inches    wide;    convex    when 

young,  becoming  broad  and  shal- 
low, funnel-shaped;  surface  pale  red 
to  coral  pink;  sticky  when  moist, 
often  spotted  with  very  small  scales; 
margin  raised  and  wavy 

GILLS  white  and  later  spotted  with  red;  at- 
tached to  stem  or  short  decurrent; 
spores  white 

STEM  1  to  3  inches  long,  tapering  down- 
ward and  covered  with  downy  my- 
celium 


Russula    hygrophorus 

Grows  solitarily  on  ground.  Oc-I 
tober  through  December;  closely  re- 
sembles Russula  roseipes,  which  has 
yellow  spores. 

Tennessee  Hygrophorus 

Hygrophorus    tennesseensis 

CAP  2  to  5  inches  wide;  convex  to  slightly 

flat;  tawny  or  clay  colored;  surface 
sticky 

GILLS       white 

STEM  2  to  4  inches  long;  dingy  white, 
tapering  downward  or  occasionally 
crooked 

Found   in   wet   years,   September 
through  December. 


Tennessee    hygrophorus 


Clitocybe 


Clitocybe  have  attached  or  decurrent  gills 
and  a  tough  stem  that  does  not  separate  readily 
from  the  cap.  To  differentiate  between  cap 
and  stem  flesh  it  may  be  necessary  to  use  a 
hand  lens  or  let  the  specimen  dry.  Spores, 
though   generally   white,   are   yellow   in   some 
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species.  The  genus  is  probably  best  known 
for  the  jack-o-lantern  mushroom,  which  glows 
in  the  dark.  Individuals  are  not  large,  but  since 
they  occur  in  groups  the  total  mass  is  large 
enough  to  attract  wildlife.  They  usually  occur 
on  decaying  wood. 


Cartilagenous  Clitocybe 

Clitocybe  cartilaginea 

2  to  4  inches  wide;  convex;  tan  to 
brown  in  center,  becoming  pale  at 
edge;  surface  slick  when  moist;  cap 
margin  on  young  plants  turned  in; 
skin  tough,  often  wrinkled  and  can 
be  peeled  from  flesh 

short;  decurrent  or  attached;  pale 
yellow  to  white 

2  to  8  inches  long;  rather  tough  and 
stringy;  slick  when  moist;  several 
stems  often  arise  from  common 
base 

Occurs  in  mixed  hardwoods,  Oc- 
tober and  November;  scattered  or  in 
dense  clumps  that  resemble  fairy 
rings. 


Cartilagenous   clitocybe 
Cartilagenous   clitocybe — sectioned 


Jack-O-Lantern  Mushroom 

Clitocybe  illudens 

CAP  2  to  8  inches  wide;  convex  at  first 

with  margin  turned  down  or  in- 
rolled,  becoming  flat  or  shallow 
funnel-shaped  at  maturity;  bright 
yellow  or  orange-yellow  with  dull 
silky  sheen  when  dry;  margin  some- 
times lobed  or  wavy 

GILLS       luminescent;  spores  pale  yellow 

STEM  4  to  6  inches  long;  bases  often  fused; 
buff-colored;  fibrous  and  usually 
curved 

Usually  grows  in  dense  clumps 
on  and  around  old  stumps,  logs,  and 
decaying  roots;  generally  found  a- 
mong  mature  oaks,  May  to  October; 
luminescent. 


Jack-o-lantem 

Parilis 

Clitocybe  parilis 

CAP  2    to   4    inches   wide;    convex   when 

young,  becoming  shallow  funnel- 
shaped  with  maturity;  surface  gray- 
ish tinged  with  brown,  margin 
curved  down  or  flat;  flesh  white 
and  thicker  near  stem 

GILLS       gray  to  pale  yellow;  long  decurrent 
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STEM  Pi'  to  2  inches  long;  tapering  down- 
ward; white  or  pale  gray;  base  often 
covered  with  white  mycelium 

Grows  on  the  ground  near 
streams  and  low  sites  in  the  moun- 
tains, September  and  October. 


Par. lis 


Mycelium  on  base  of  parilis  stem 


Collybia 


Collybias  of  known  value  to  wildlife  grow 
in  groups  or  clusters  on  and  around  hardwood 
stumps.  They  are  numerous  on  the  Ocala  Na- 
tional Forest  in  Florida  and  are  also  found 
in  the  upper  Coastal  Plain  and  mountains. 

Collybia  sp. 

CAP  1  to  3  inches  wide;  not  continuous 

with  stem  and  difficult  to  separate; 
often  enrolled  in  young  plants 

GILLS       vary  from  almost  free  to  attached; 
spores  white 

STEM        tough;  thick  and  fleshy 


Collybia 


Laccaria 


Species  of  Laccaria  closely  resemble  those 
of  both  Hygrophorus  and  Clitocybe.  The  waxy 
gills  are  well  separated  and  thickened  at  the 
base  but  are  pink,  which  is  not  a  characteristic 
of  Hygrophorus.  The  gills  are  not  attached  to 
the  stem,  nor  decurrent  as  in  Clitocybe.  In 
short,  Laccaria  looks  like  Hygrophorus  with 
pink  gills.    Laccaria  spores  are  white. 


CAP 


GILLS 
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Waxy  Laccaria 

Laccaria  laccata 

%  to  2  inches  wide;  brown  to  cinna- 
mon, paler  when  dry  or  frozen; 
surface  scurfy 

pink;  broad;  waxy,  and  free  from 
stem 


STEM  1  to  3V£  inches  long;  usually  same 
color  as  cap;  often  skin  of  stem  will 
separate  near  upper  end  and  re- 
semble a  ring,  which  is  fake 

Most  common  of  the  genus  in 
the  Southeast;  found  mostly  in  pine 
types,  December  and  January;  with- 
stands freezing  well. 


Waxy    laccaric— note    false    ring,    on    stem 


CAP 

GILLS 
STEM 


Waxy    laccaria 


Purple  Laccaria 

Laccaria  ochropurpurea 

2  to  5  inches  wide;  grayish  when  dry, 
purplish-brown  when  wet 

bright  purple 

IV2  to  6  inches  long;  usually  same 
color  as  cap,  except  lighter 

Fruits  during  autumn   in  moun- 
tains. 


Tricholoma 


Tricholomas  have  white  spores  and  gills 
notched  at  the  stem.  The  stem  does  not  sep- 
arate readily  from  the  cap.  The  dividing  line 
between  the  cap  flesh  and  the  stem  is  often 
difficult  to  distinguish.  The  four  species  des- 
cribed here  are  the  ones  most  commonly  eaten 
bv  wildlife. 

Yellow-Brown  Tricholoma 

Tricholoma  flavobrunneum 

CAP  2  to  4  inches  wide;  at  first  rounded 

with  an  umbo,  later  flat;  reddish- 
tan,  sticky  when  moist;  margin  in- 
curved for  some  time,  later  wavy 


GILLS       whitish  and  red-spotted 

STEM        2  to  4  inches  long;  white  with  red 
stains 

Fruits  from  August  through  De- 
cember. 


J0Jk 

iJafl    jT    ^A 

Yellow-brown  tricholoma 
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CAP 


GILLS 
STEM 


Yellowish-Tawny  Tricholoma 

Tricholoma  flavovirens 

2  to  5  inches  wide;  convex  at  first, 
later  becoming  shallow  funnel- 
shaped;  wavy  margin;  tawny  color; 
slightly  scaly  with  a  hint  of  green 

yellow 

1  to  4  inches  long;  white  or  tinged 
with  pale  yellow 

Fruits  in  October  and  November. 


Yellowish-towny  tricholomo 

Lavender  Tricholoma 

Tricholoma  personatum 

CAP  2  to  6  inches  wide;  at  first  convex, 

becoming  flat;  surface  at  first  cov- 
ered with  fuzz;  pale  watery  gray, 
later  turning  to  pale  lavender  and 
becoming  naked;  flesh  pale  laven- 
der to  gray 


Lavender  tricholoma 


Lavender    tricholoma — sectioned 

GILLS       notched  or  almost  free;  same  color 
as  cap 

STEM        2  to  3   inches  long;   thick,  with  en- 
larged base;  color  same  as  cap 

Grows  in  small  groups  or  singly 
among  decaying  leaves  or  brush, 
September  through  October. 

White-Shining  Tricholoma 

Tricholoma  resplendens 

CAP  2  to  4  inches  wide;  white  and  sticky 

GILLS       white   with   maturity,   faintly   flesh- 
tinted 

STEM  2  to  6  inches  long;  white;  slightly 
bulbous  at  base  or  with  fleshy  crook 
Occurs  in  hardwood  stands,  Oc- 
tober and  November;  usually  cov- 
ered by  leaves;  squirrels  often  dig 
up  and  eat  the  enlarged,  crooked 
base,  appaiently  preferring  it  to  the 
stem  or  cap. 


White-shining  tricholoma 


Agaricus 


The  Agaricus  species  generally  have  purple- 
brown  spores  and  a  ring.  The  cap  and  stem 
are  easily  separated.    Gills  are  free.    The  stalk 


tapers  slightly  above  the  bulbous  base.  Only 
three  species  are  common  enough  to  be  con- 
sidered as  valuable  to  wildlife. 
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CAP 


MNG 


GILLS 

STEM 
RING 


Meadow    mushroom 

Meadow  Mushroom 

Agaricus  campestris 

2  to  4  inches  wide;  flat  with  small 
umbo;  surface  silky  white,  tinged 
with  buff  or  brown,  may  be  deli- 
cately scaly 

free;  at  first  bright  pink,  turning  to 
dark  purple-brown  with  maturity; 
spores  purple-brown 

2  to  4  inches  long;  white;  does  not 
have  bulbous  base 

white;  thin;  fragile  with  persistent 
remnants  often  hanging  from  edge 
of  cap 


Often  cultivated;  wild  species 
fruits  in  grassland,  meadows,  and 
open  hardwood  types  in  May. 

Flat-Capped  Mushroom 

Agaricus  placomyces 

2  to  4  inches  wide;  oval  at  first,  later 
convex  to  flat,  sometimes  with  small 
umbo;  white  but  covered  with  soft 
brown  scales  often  concentrically 
arranged  from  center  of  cap;  pinkish 
tint  in  older  caps;  flesh  white 

at  first  white,  free,  later  turning 
pinkish  and  finally  dark  brown; 
spores  smoky-brown  in  mass 

3  to  6  inches  long;  bulbous  base 

prominent;  white  and  persistent 

Fruits  in  deciduous  woods  and 
grassy  areas,  June  through  October. 


CAP 


Flat-copped    mushroom 

Sylvan  Mushroom 

Agaricus  sylvicola 

2  to  4  inches  wide;  at  first  long  and 
conical,  later  convex  to  flat;  silky 
white  with  yellow  tinge,  no  scales; 
turning  yellowish  with  age  or  in- 
jury 
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GILLS  free;  crowded;  white  at  first,  then 
dark  brown  at  maturity;  spores  pur- 
ple-brown 

STEM  3  to  5  inches  long;  hollow;  usually 
white  with  bulb  at  base;  flesh  turns 
yellow  with  injury 

RING  loosely  attached;  drooping  and  may 
be  halfway  down  stem 

Scattered    at    low    elevations    in 
deciduous  woods,  July  and  August. 


Sylvan    mushroom 


Cortinarius 


Cortinarius  has  yellow-brown  spores;  cap 
and  stem  are  continuous.  A  distinct  cobweb- 
like inner  veil  appears  on  young  mushrooms. 
Remnants  of  the  veil  frequently  persist  on 
the  gills  to  maturity.  Gills  may  be  notched, 
attached,  or  short  decurrent.  Cortinarius  is 
most  abundant  in  late  summer  and  fall.  Over 
100  species  of  the  genus  have  been  described 
and  many  are  yet  to  receive  attention. 


CAP 


Distont-gilled    cortinarius — sectioned 

Distant-Gilled  Cortinarius 

Cortinarius  distans 

2  to  4  inches  wide;  brown  and  silky 
when  dry,  bell-shaped  and  later 
convex  or  flat  with  an  umbo;  mar- 
gin recurved  and  often  split;  flesh 
pale  brown  to  yellow 


GILLS       may   be  short   notched   to   short   de- 
current;  often  widely  spaced 

STEM        2   to   4   inches   long;   brownish   with 
white  band  of  veil  often  apparent 

Fruits  from  May  through  Decem- 
ber; rodents  feed  heavily  on  this 
species. 

Flourishing-  Cortinarius 

Cortinarius  evernius 

CAP  2  to  5  inches  wide;  bell-shaped  when 

young,  becoming  convex  to  con- 
spicuously elevated  on  central  por- 
tion; brown  and  radially  streaked 
at    maturity;    radish-like    odor 

GILLS       brown  and  notched 


Flourishing  cortinorius 


STEM        4  to  6  inches  long;  gray-wine  color 
White     veil     frequently     leaves 
white  patches  on  stem. 

Scaly  Cortinarius 

Cortinarius  squamulosus 

CAP  2  to  5  inches  wide;  convex;  reddish- 

brown  to  dark  brown;  scaly 

GILLS  notched,  dark  grayish-purple;  veil 
often  persistent  to  maturity 

STEM  2  to  4  inches  long,  expanded  and 
bulbous  at  base;  ring  (remnant  of 
veil)  frequently  noted  on  stem 


Occurs  on  ground  in  low,  moist 
woods  and  along  streambanks,  Au- 
gust and  September. 


Scaly  cortinarius 


Pluteus 


Pluteus  has  free  gills  and  pink  spores.  The 
stem  has  neither  ring  nor  volva. 

The  large  fawn-colored  pluteus,  commonly 
found  in  old  sawdust  piles  and  decaying  wood, 
fruits  in  early  spring  when  food  is  scarce.  It 
grows  singly  or  in  clumps  of  three  to  eight 
specimens. 

Fawn-Colored  Pluteus 

Pluteus  cervinus 

CAP  XVz  to  5  inches  wide;  usually  brown 

to    smoky-gray,    at    times    whitish; 
sticky  when  wet 

GILLS       white,  then  flesh-pink 

STEM         3  to  6  inches  long;  dingy- white;  bases 
often  fused 


Fawn-colored    pluteus 


Clitopilus 


Spores  are  pinkish  to  rosy.  The  stem  is  fleshy 
and  at  times  eccentric.  Gills  are  decurrent. 
There  is  no  ring  or  volva. 

Plum  clitopilus  grows  near  stumps  in  moun- 
tain hardwood  types  during  October  and  No- 
vember. It  is  often  associated  with  an  aborted 
form  that  appears  globular  and  is  intermingled 
with  normal  specimens.  Both  are  eaten  by 
animals. 


Plum    clitopilus    (left)    with    aborted    form 


Plum  Clitopilus 

Clitopilus  prunulus 

CAP  2  to  6  inches  wide;  at  first  convex, 

but  later  almost  flat  with  wavy 
decurved  margin;  surface  gray  to 
white,  not  sticky;  flesh  white 

GILLS  long  decurrent;  white;  becoming 
pink  with  maturity;  pink  spore  mass 
often  observed  on  layered  caps 

STEM  3  to  8  inches  long;  thick  at  top,  taper- 
ing upward;  often  slightly  woolly 
at  base 


Evidence   that   deer   are   fond   of   this   species 


Boletaceae 


Members  of  the  Boletaceae  are  large  and 
common  enough  to  furnish  a  substantial  a- 
mount  of  food  to  deer  as  well  as  to  squirrels 
and  other  rodents. 

Boletes  differ  from  other  parasol-shaped 
mushrooms  in  that  tubes  have  replaced  gills 
as  reproductive  surfaces.  From  the  outside  the 
tubes  resemble  pores;  thus  the  boletes  are 
often  referred  to  as  pore  mushrooms.  Coker 
and  Beers  (1943)  list  68  species  and  six  varie- 
ties in  North  Carolina;  there  are  probably 
many  more  yet  to  be  described.  They  occur 
on  many  sites,  but  those  that  grow  in  the  soil 
appear  most  attractive  to  wildlife. 

Three  important  points  help  to  determine 
genus  and  species  of  boletes:  ease  with  which 
the  cap  and  tubes  can  be  separated,  charac- 
ter of  the  cap  and  stem  surface,  and  changes 
in  flesh  and  tube  coloring  resulting  from  in- 
jury. 

Most  species  of  boletes  are  brilliantly  col- 
ored. Certain  species  are  noted  for  their  my- 
corrhizal  relationship  with  several  tree  species 
— principally   conifers. 

Boletes  described  here  are  usually  found  in 
pine  and  hardwood  forests  from  the  Coastal 
Plain  to  the  mountains. 

Boletellus  betula 

CAP  2   to   4   inches   wide;    convex,   often 

pitted  and  sticky;  yellow  with  red 


center   when   young,   becoming   or- 
ange with  maturity 

TUBES  yellow  at  first,  later  becoming  dark 
olive-brown 

STEM  4  to  8  inches  long;  slender,  often 
twisted;  prominent  reticulations 
yellow;  reddish-tinted  flesh  evident 
between  yellow  ridges 

(SYN.:        Boletus  betula) 

Fruits  mainly  from  July  through 
September. 
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Typical  boletellus  betula 

Painted  Bolete 

Boletinus  pictus 

2  to  6  inches  wide;  flat,  convex,  and 
slightly  sticky;  dark  red;  scaly  at 
first;  scales  later  gently  raised  at. 


22 


Painted  bolete 

edges;  yellow  upper  skin  presents 
mosaic  appearance  with  red  scales; 
flesh  creamy  yellow,  turning  red- 
dish when  cut 

TUBES     light  brown;  cap  flesh  and  tubes  do 
not  separate  easily 

STEM        2    to   3    inches   long;   same   color   as 
cap;  may  be  slightly  bulbous  at  base 
Fruits  mostly  from  July  through 
September. 


CAP 


Typical  boletus 


Two-Colored  Bolete 

Boletus  rubelus 

2  to  6  inches  wide;  convex;  dark 
rosy  red,  becoming  yellowish  and 
mottled  with  age;  thick  flesh  whit- 
ish at  first,  later  yellow,  turning 
golden  with  exposure 

Two-colored   bolete 


TUBES  depressed  around  stem;  yellow,  fi- 
nally olive  or  brownish,  turning 
blue  very  slowly  when  injured 

STEM  3  to  4  inches  long;  yellow  band  at 
top,  red  below 

Fruits  in  moist  sites,  August  and 
September. 


CAP 


TUBES 


STEM 


(SYN.: 


CAP 


TUBES 


STEM 


(SYN.: 


Gyroporus   cyanescens 

Gyroporus  cyanescens 

3  to  5  inches  wide;  flat,  pitted,  and 
frequently  with  brownish  splotches; 
flesh  pallid  but  rapidly  turning  in- 
digo when  injured 

brownish-yellow,  rapidly  turning  in- 
digo when  injured 

2  to  4  inches  long;  stout,  smooth, 
and  hollow,  but  loosely  filled  with 
fibrous  material 

Boletus  cyanescens) 

Occurs   mainly   in  young  timber 
stands,  July  and  August. 

Pulverboletus  retipes 

3  to  7  inches  wide;  convex;  dry; 
dull  yellow  to  golden;  often  covered 
with  yellow  powder,  stains  hands 
if  handled;  firm  flesh  light  yellow, 
turning  golden  when  cut 

yellow,  turning  golden  when  injured; 
varying  length  gives  pitted  appear- 
ance 

3  to  6  inches  long;  slender  and  often 
gently  curving;  same  color  as  tubes 
and  also  powdery;  surface  strongly 
reticulated 

Boletus  retipes) 

Usually  fruits  from  July  through 
September. 
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Pulverboletus  retipes 

Cone-Like  Bolete 

Strobilomyces  floccopus 

CAP  3  to  7  inches  wide;  convex,  dry  and 

covered  with  large  brownish-black 
warts  and  scales;  intervening  flesh 
grayish  white;  remnants  of  veil  fre- 
quently found  on  cap  margin;  flesh 
white  but  rapidly  turning  nearly 
black  when  cut 

TUBES     grayish  white  when  young,  becoming 
nearly  black  with  age 

STEM        4  to  6  inches  long;  cylindrical;  cov- 
ered with  scales  same  as  cap 

(SYN.:         Strobilomyces  strobilaceusj 

Usually  found  in  pairs,  August  to 
October. 


Cone-like  bolete 


Granulated  Bolete 

Suillus  granulatus 

CAP  2    to    3    inches    wide;    flat,    convex; 

slimy  and  sticky  when  moist;  pink- 
ish-gray to  reddish-brown  to  yel- 
lowish or  reddish;  may  have  minute 
scales  under  slimy  surface  when 
wet 

TUBES  whitish  or  pale  yellow  at  first,  be- 
coming dingy  ochre-colored  with 
glandular  dots 

STEM  1  to  2  inches  long;  often  crooked  at 
lower  end;  slightly  sticky  spots 
.darker  in  color  than  rest  of  stalk 

(SYN.:         Boletus  granulatus) 

Commonly  found  in  pine  types, 
May  through  November;  particular- 
ly important  to  deer  on  the  Ocala 
National  Forest  and  other  sand  pine 
areas  in  Florida;  responsive  to  fire. 
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Granulated   bolete 

Slippery  Jack 

Suillus  luteus 


CAP 


TUBE 


3  to  5  inches  wide;  convex;  shiny 
and  brownish  to  reddish-yellow, 
may  be  mottled  and  streaked  with 
darker  hues;  flesh  pale  yellow  or 
cream-colored,  does  not  change 
color  when  injured 

mouths  dotted  with  sticky  particles; 
spores  yellowish-brown  or  olive- 
colored 
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STEM  2  to  4  inches  long  with  conspicuous 
persistent  ring;  spotted  with  slimy 
mucus  and  droplets  of  clear  liquid 

(SYN.:        Boletus  luteus) 

Found  mainly  in  pine  woods,  Au- 
gust through  October. 


Slippery  Jack 


Other  Fleshy  Fungi 


The  other  fleshy  fungi  that  are  commonly  lies:     Lycoperdaceae,    Clavariaceae,    Hymeno- 

aten  by  wildlife  belong  mainly  to  four  fami-  gastraceae,  and  Helvellaceae. 


Calvatia 


This  genus  belongs  to  the  family  Lycoper- 
aceae,  a  group  of  fungi  known  as  puffballs, 
mokeballs,  and  devil's  snuffboxes.  These  fungi 
ave  spores  enclosed  until  maturity  in  cham- 
ers  surrounded  by  a  continuous  skin.  They 
Dend  most  of  their  lifetime  underground,  get- 
ng  food  from  decaying  vegetable  matter. 
fhen  about  ready  to  scatter  their  spores,  they 
nerge  from  the  ground. 

The  balls  have  a  fleshy  interior;  cheesy  and 
hite  at  first,  they  turn  yellowish  or  pinkish, 
•adually  darkening  until  part  or  all  of  the 
terior  becomes  filled  with  dust-like  spores. 

In  Calvatia,  the  wall  of  the  upper  part  of 
le  fruit  body  breaks  up  and  disappears  at 
aturity,  thus  exposing  the  spore  mass.  The 
alk-like  base,  with  a  structure  suggesting  a 
oneycomb,  may  remain  in  place  long  after  the 
itores  have  been  blown  away. 

The  giant  puffball  has  a  thick  tapering  base 
omposed  of  spongy  mycelium,  distinct  from 
ie  spore-bearing  part  above.  It  occurs  in  all 
jrovinces  from  August  to  November. 

Giant  Puffball 

Calvatia  gigantea 

BRUITING  6    inches    in    diameter   or    larger; 

/ODY  smooth   exterior;   white   at   first, 

becoming  tan  to  brown  at  ma- 
turity 


Immature    giant    puffball 
Mature  giant  puffball 


Clavaria 


This  genus  belongs  to  the  family  Clavaria- 
ceae,  the  club  fungi.  It  includes  a  large  num- 
ber of  species,  many  of  which  are  identifiable 
only  by  microscopic  details.  Those  eaten  by 
wildlife  are  fleshy,  erect,  and  repeatedly 
branched.  They  are  commonly  referred  to  as 
"coral  fungi,"  because  of  their  resemblance  to 
structures  built  by  this  marine  animal. 

Deer,  in  particular,  graze  on  the  succulent 
fleshy  tops  of  the  coral  fungi.  Groups  of  the 
fungi  ranging  from  4  to  8  inches  in  diameter 
occur  in  pine  and  hardwood  types.  Often  these 
groups  number  in  the  hundreds.  Clavarias 
occur  from  the  mountains  to  the  Coastal  Plains 
and  fruit  during  July  and  August..  They  do 
not  appear  to  do  well  in  the  fall  months. 

Clavaria  sp. 

FRUITING  4  to  8  inches  in  diameter,  usually 
BODY  branched,  erect 


Typical    clavaria 


Rhizopogon 


Rhizopogon  belongs  to  the  family  Hymeno- 
gastraceae.  The  fruiting  bodies,  commonly 
known  as  false  truffles,  form  just  beneath  the 
surface  of  the  ground.  While  in  the  under- 
ground stage  they  are  eaten  by  squirrels  and 
other  rodents.  They  appear  to  have  no  attrac- 
tion once  they  emerge  from  the  ground. 

False  truffles  generally  occur  in  grassy  areas 
or  under  pine  straw  at  the  edges  of  pine  stands 
in  fall  and  winter.  Careful  searching  where 
rodents  have  been  digging  may  reveal  an  un- 
derground portion  that  is  often  from  6  to  12 
inches  below  the  surface. 


False  Truffle 

Rhizopogon  sp. 

FRUITING   \V2  to  3  inches  in  diameter;  flat 
BODY  spherical;     brownish-black     with 

tough,  hard  cover  over  purplish 

interior 


Rhizopogon 
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Morchella 


This  genus  belongs  to  the  family  Helvella- 
;ae,  a  group  that  has  a  fruiting  body  con- 
sting  of  a  stalk  and  an  enlarged  cap  that  is 
tted.  Some  species  fruit  in  recent  burns, 
;hers  in  cultivated  soil. 

In  Morchella,  the  morels,  the  surface  of  the 
;ll-shaped  cap  has  prominent  irregular  ridges 
lat  resemble  the  surface  of  a  sponge.  The 
em  is  fluted  and  hollow,  often  containing 
Dies  where  insects  have  emerged;  it  is  lighter 
i  color  than  the  head.  The  head,  or  cap,  like- 
ise  is  hollow;  darker  in  color,  it  is  composed 
!  folded,  narrow,  long,  sac-like  cells  in  which 
le  spores  are  contained.  The  spores  are 
squirted"  out  at  maturity. 

There  are  several  species  of  morels  in  the 
Duth.  The  common  morel  has  the  widest 
stribution  and  is  probably  best  known.  It 
uits  in  March  and  early  April. 
Morels  grow  in  deep  soils  along  streams 
ider  hardwoods — usually  oaks — and  in  old 
>ple  orchards  from  the  Coastal  Plain  to  the 
ountains.  They  are  readily  taken  by  most 
ammals. 


Common  Morel 

Morchella  esculenta 

CAP  elongated  or  nearly  globose;  has  deep 

pits  and  ridges  about  W2  to  3  inches 
long  and  about  1  to  2  inches  in 
diameter;  gray-brown  to  yellowish- 
brown 

STALK     Wi  to  2  inches  long;  whitish  or  yel- 
lowish 


Common    morel 


Common  morel  sectioned 
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Figure  1. — These  planted  sycamores,  just  beginning  their  seventh  growing  season  in  the  field,  average  6.6 
inches  in  diameter  and  49  feel  in  height. 


ESTABLISHMENT  AND  EARLY  CARE 
OF  SYCAMORE  PLANTATIONS 


C.  B.  Briscoe1 


American  sycamore  [ Platanus  occidentalis  L.) 
has  long  been  planted  for  soil  reclamation  and  conser- 
vation (Clark  1954;  DenUyl  1955;  Freese  1954),  for 
windbreaks  (Read  1958),  and  for  beautification  (Li 
1957).  In  1955,  slightly  more  than  200,000  sycamore 
seedlings  were  grown  for  such  purposes  (Abbott  1956). 

Recently,  however,  sycamore  has  been  found  to 
provide  a  high  yield  of  excellent  pulp,  and  the  charac- 
teristically straight,  well-formed  logs  have  come  to 
command  a  premium  wherever  a  market  exists  for 
commercial  veneer.  Sycamore  is  a  minor  component 
in  natural  forests,  and  the  only  hope  of  satisfying  the 
burgeoning  demand  is  the  establishment  of  extensive 
plantations.  The  wood-using  industry  is  fortunate 
that,  as  Michaux  wrote  in  1857,  sycamore  is  "remark- 
able for  the  rapidity  of  its  growth  and  ease  of  propa- 
gation." A  substantial  acreage  of  young  plantations 
now  exists,  and  increasingly  large  areas  are  being 
planted  yearly.  Nursery  production  rose  1,500  percent 
in  the  past  decade  (Abbott  and  Eliason  1968),  and 


demand  for  seedlings  has  exceeded  supply  for  4  conse- 
cutive years. 

The  experience  gained  by  nurserymen,  planters, 
and  researchers  is  summarized  in  this  paper.  In  order 
to  include  the  most  recent  information,  visits  were 
made  during  the  winter  of  1967-68  to  21  State  and 
industrial  nurseries  in  16  States;  six  nurseries  in  five 
States  were  revisited  during  the  1968  growing  season. 
Plantations  were  visited  at  18  major  locations  in  1  3 
States. 

It  would  be  difficult  for  anyone  to  complete  the 
same  visits  and  not  finish  with  an  optimistic  view  of 
the  future  for  sycamore  management.  In  spite  of  the 
great  diversity  in  climate,  soils,  industrial  setting,  and 
personnel,  every  nursery  was  producing  healthy  and 
vigorous  stock,  successful  plantings  were  seen  at  every 
location,  and  no  major  problems  had  been  encoun- 
tered. Some  differences  in  techniques  were  found  and 
some  minor  difficulties  had  occurred;  they  are  dis- 
cussed in  the  appropriate  sections  of  the  text. 


Production  of  Planting  Stock 


Sycamore  planting  stock  is  usually  grown  as  1-0 
seedlings.  Cuttings  from  nursery  or  wild  seedlings  are 
usable  on  moist,  well-aerated  sites. 

SEED 

Sycamore  seeds  are  light  brown  achenes  in  a 
round  multiple  fruit  (fig.  2).  The  descriptive  statistics 
in  table  1  are  from  17  seed  lots  gathered  in  Louisiana 
and  Mississippi  in  the  winter  of  1967.  The  data  are  not 
definitive,  but  they  agreed  well  when  compared  with 
information  from  other  areas.  Two  seed  lots  from  Je- 
sup,  Georgia,  had  only  106,000  and  109,000  seeds  per 
pound,2  outside  the  range  reported  in  table  1  but  not 
markedly  so.  The  average  yield  for  the  lots  represent- 
ed in  the  table  was  almost  58  pounds  of  clean  seed  per 
100  pounds  of  fruit — far  in  excess  of  a  widely  quoted 


'The  author  is  Principal  Silviculturist  at  the  Southern  Hardwoods  Laboratory,  which  is 
maintained  at  Stoncville.  Miss.,  by  the  Southern  Forest  Experiment  Station.  USDA 
Forest  Service,  in  cooperation  with  (he  Mississippi  Agricultural  Experiment  Station  and 
the  Southern  Hardwood  Forest  Research  Group. 

'Personal  correspondence  with  Frank  Vande  Linde,  Brunswick  Pulp  and  Paper  Company, 
Jan.  31,  1968. 


figure  of  7  pounds  per  100  pounds  of  fruit  (Engstrom 
and  Stoeckeler  1941;  USDA  Forest  Service  1948). 

Yield. — Sycamores  fruit  abundantly  every  year 
or  two  (Engstrom  and  Stoeckeler  1941;  McKnight 
1969;  Merz  1958).  Although  adverse  weather  in  spring 
may  cause  local  scarcities  (USDA  Forest  Service 


Figure  2. — Seeds  and  fruit. 


1965),  no  report  has  been  found  of  widespread  crop 
failure.  Even  locally,  a  few  trees  seem  to  have  a  light 
to  fair  crop  in  the  worst  of  years. 

For  example,  seed  was  very  scarce  in  the  vicinity 
of  Licking,  Missouri,  in  the  winter  of  1967;  of  100 
open-grown  trees  of  seedbearing  size,  86  had  not  a 
single  fruit  when  checked  in  mid-November.  Eight 
trees  had  less  than  10  fruits  each,  three  had  10  to  100 
fruits,  two  had  100  to  1,000,  and  one  had  more  than 
1,000.  Approximately  80  miles  to  the  east,  in  the 
vicinity  of  Fredericktown,  most  trees  had  abundant 
fruits.  The  following  year,  the  pattern  was  duplicated 
almost  exactly  throughout  north-central  Mississippi; 
most  trees  had  no  fruit  but  light  to  moderate  crops 
occurred  on  scattered  trees.  To  the  north,  west,  and 
south  of  this  region  the  crop  was  much  more  abun- 
dant. 

Production  per  tree  increases  with  advancing  age 
and  size;  normal-looking  fruits  have  been  seen  on 
trees  3  years  after  outplanting  (4  years  from  seed),  but 
only  in  the  fifth  or  sixth  year  in  the  field  do  substantial 
numbers  of  trees  begin  to  bear  as  many  as  10  to  20 
balls  each.  Abundance  as  well  as  age  of  fruiting  seems 
to  be  associated  with  growing  space.  Dominant  trees 
yield  earlier  and  produce  more  fruit  than  trees  of  any 
lesser  class,  and  open-grown  trees  far  exceed  forest- 
grown  trees  regardless  of  crown  class  (fig.  3).  The  re- 
ported minimum  seedbearing  age  of  25  years  (USDA 
Forest  Service  1965,  p.  491)  probably  refers  to  dense 
natural  stands,  not  to  open-grown  trees  or  those  in 
well-spaced  plantations. 

Site  quality  presumably  influences  seed  produc- 
tion, with  best  yields  expected  on  good  sites.  Informa- 
tion is  fragmentary,  however,  and  both  precocious 
and  abundant  fruiting  have  been  observed  on  acid 
spoil  banks  as  well  as  on  rich  alluvium. 

Estimating  seed  crop. — At  least  in  the  southern 
part  of  the  range,  seed  crops  can  be  estimated  with 
fair  reliability  by  counting  the  number  of  developing 
fruits  in  middle  or  late  April.  Few  fruits  are  lost  after 
late  spring. 

Viability  of  the  seed  varies  with  locality  and  year. 
In  years  when  the  crop  is  abundant,  each  multiple 
fruit  can  be  expected  to  yield  about  500  viable  seeds. 
In  poor  years  or  at  poor  locations  (as  where  pollen 
sources  are  scarce),  fruits  that  appear  sound  and  nor- 
mal may  contain  no  live  seeds  (Griggs  1909),  or  pract- 
ically none.  Lone  sycamore  trees,  in  a  forest  stand  or 
in  the  open,  yield  seed  of  very  low  germinability  be- 
cause of  inadequate  cross-pollination  combined  with 
poor  selfing  (Beland  and  Jones  1967;  Webb  and 
Farmer  1968). 
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Figure  3.     Sycamore  with  fruit,  age  5  years. 

Collection  and  care  of  seeds.  —  Fruits  can  be  col- 
lected any  time  after  they  turn  from  green  to  brown 
(Bonner  1966a),  usually  about  the  end  of  October 
near  Stoneville,  Mississippi  (latitude  33°25'  N.). 
There  have  been  reports  of  deterioration  of  seeds  as 
the  season  advances  (Bonner  1966a).  However,  during 
the  1967-68  season,  germination  of  seed  sown  imme- 
diately after  collection  improved  as  the  season  ad- 
vanced and  was  best  for  collections  made  in  mid- 
April.  Germination  of  seed  sown  after  2  to  4  months' 
cold  storage  improved  similarly,  but  was  at  maximum 
in  seed  collected  during  mid-February.  Although 
some  seed  may  persist  on  the  tree  through  the  summer 
following  maturation,  none  of  it  is  viable.  This  does 
not  necessarily  mean  that  seed  cannot  be  kept  viable 
at  ambient  temperatures;  quite  possibly  only  sterile 
seeds  persist  on  the  tree. 

The  most  convenient  collection  is  from  trees 
felled  after  the  fruit  is  ripe  but  before  it  shatters.  Al- 
ternatives include  forklift  trucks  or  hydraulic  cherry- 
pickers  to  raise  the  worker  up  in  the  branches,  and  a 
long-handled  pruner  for  clipping  the  fruit  stalk.  Small 


quantities,  especially  for  research,  can  be  obtained  by 
shooting  down  branches.  Branches  to  be  collected  by 
shooting  should  be  3  to  5  inches  in  diameter  and  posi- 
tioned within  45°  of  vertical;  they  then  have  enough 
weight  to  fall  free  of  other  branches,  and  their  angle 
favors  a  clean  break. 

At  the  end  of  the  season,  seed  on  low  branches 
can  sometimes  be  collected  by  spreading  sheets  of 
material  on  the  ground,  then  tapping  the  branches. 
Near  the  northern  and  western  limits  of  sycamore's 
range  intact  balls  can  be  collected  late  in  the  season 
from  the  ground,  at  least  in  some  years.  Great  quanti- 
ties can  also  be  obtained  from  streets  and  sidewalks, 
but  the  amount  of  trash  collected  with  such  seed 
makes  handling  difficult  and  expensive.  Moreover, 
seeds  from  known  mother  trees  are  to  be  preferred. 

Cleaning  seed.— Small  quantities  of  seed  are  of- 
ten cleaned  by  rubbing  through  hardware  cloth  (4  to 
10  wires  per  inch)  and  using  a  natural  or  fan-generat- 
ed breeze  to  remove  the  dust  and  fine  hair  which  cling 
to  the  seed.  A  special  apparatus  for  cleaning  small  lots 
is  described  by  Webb  and  Porterfield  ( 1969).  A  dust 
mask  must  be  worn  to  prevent  discomfort,  or  even 
pneumonia,  from  inhaling  the  hairs.  Large  quantities 
are  cleaned  by  passing  them  through  a  fertilizer  dis- 
tributor, a  hammer  mill,  or  centrifugal  disks.  The  fer- 
tilizer distributor  is  the  most  widely  used,  either  by 
pulling  it  along  with  the  ejection  gates  closed  or  at- 
taching a  powered  belt  to  a  jacked-up  wheel  (fig.  4). 
In  either  case  the  seeds  gravitate  to  the  bottom  while 
j the  fluff  and  fruit  cores  collect  at  the  top  or  are  blown 
away. 


Storage.  —  If  the  seed  is  to  be  sown  in  the  current 
year,  either  the  fruit  or  seeds  may  be  stored  in  a  cool, 
well-ventilated  place  in  an  open-mesh  bag  or  spread 
out  on  shelves.  Seed  to  be  held  a  year  or  more  should 
be  dried  to  a  moisture  content  of  10  to  15  percent, 
placed  in  airtight  containers,  and  stored  at  20  to  38"F. 
(Belcher  1967). 

Pregermination  treatment.  —  Although  there  are 
contradictory  reports  (Bonner  1966a;  Engstrom  and 
Stoeckeler  1941;  USDA  Forest  Service  1948),  syca- 
more seed  apparently  does  not  have  a  dormant  em- 
bryo and  does  not  require  stratification  (McElwee 
1966;  Webb  and  Farmer  1968).  If  seed  is  to  be  strati- 
fied, it  should  be  kept  moist  but  well  aerated  and  held 
between  35  and  38°  F.  for  20  to  30  days. 

Testing.  —  At  the  Forest  Service's  Eastern  Tree 
Seed  Laboratory,  percentage  of  sound  seed  and  purity 
are  determined  from  1,000-seed  samples.  Number  of 
seeds  per  pound  is  similarly  determined,  and  is  ex- 
pressed on  the  basis  of  a  10-percent  moisture  con- 
tent.3 Germination  tests  are  conducted  with  100-seed 
lots,  replicated  four  times.  Seeds  are  placed  on  moist 
Kimpack4  in  a  closed,  transparent  container  in  a  room 
kept  dark  and  at  68"F.  for  16  hours  of  each  day  and 
lighted  at  86°  the  other  8  hours.  Tests  are  normally 
terminated  20  days  after  sowing. 

Germination  tests  can  also  be  made  in  water 
(Briscoe  and  DuBarry  1959),  sand,  peat  moss,  or  any 
of  the  other  media  normally  used.  Some  light  is  neces- 
sary for  full  germination  (McDermott  1953). 

More  than  with  most  species,  the  results  must  be 
interpreted  with  caution  and  in  the  light  of  local  expe- 
rience. Germination  in  the  nursery  may  be  one-fourth 
or  less  of  the  sound  seed  (Bonner  and  Gammage 
1967).  A  rule  of  thumb  at  some  commercial  nurseries 
is  to  expect  3,000  seedlings  for  each  pound  of  seed 
sown,  an  average  of  only  1 .5  seedlings  per  100  seed. 
Conversely,  yields  occasionally  are  much  higher. 

Seed  purchase.  —  Platanus  seed  can  normally  be 
purchased  from  the  larger  seed  companies,  but  unless 
special  arrangements  are  made  there  is  no  guarantee 
of  provenance  and  in  some  cases  not  even  of  species. 
In  dealing  with  a  genus  which  occurs  completely 
around  the  northern  hemisphere  and  a  species  (P.  oc- 
cidentalis)  which  occurs  naturally  in  at  least  34  States 
and  2  Canadian  provinces,  a  certain  amount  of  varia- 
tion^ to  be  expected.  Seed  of  known  origin  should  be 
insisted  upon,  and  a  nearby  source  probably  should  be 
chosen  if  available. 


igure  4.— Cleaning  seed  by  passing  it  through  a  fertilizer  spreader. 
(Photo  by  W.  A.  Chapman,  Kimberly-Clark  Corpora- 
oosa  Pines.  Alabama.) 


tion,  Coosa  Pines.  Alabama.) 


'Personal  correspondence  with  Earl  W   Belcher.  Jr.,  USDA  Forest  Service.  Eastern  Tree 

Seed  Laboratory.  Macon,  Ga.  Oct    17.  1968. 
4Here  and  elsewhere  in  this  paper,  mention  of  a  product  is  for  information  only  and  does 

not  constitute  endorsement  by  the  USDA  Forest  Service. 


Several  State  nurseries  will  grow  seedlings  un- 
der contract  or  from  seed  provided  by  the  potential 
planter,  and  this  is  a  procedure  with  much  to  recom- 
mend it. 

NURSERY  SITE  AND  LAYOUT 

Site  and  layout  for  a  sycamore  nurserj  are  simi- 
lar to  those  for  any  tree  nursery,  but  certain  require- 
ments are  different  or  more  stringent.  The  small  seeds 
and  newly  germinated  seedlings  are  easily  desiccated 
and  killed.  Thus,  irrigation  facilities  are  essential. 
Once  wet,  seed  must  be  kept  wet  until  germination 
i  Engstrom  and  Stoeckeler  1941;  Lobaev  1950),  and 
the  young  seedlings  require  moisture  daily  until  the 
leaves  are  about  0.8  inch  long  (Zmijanac  1956). 

Seedlings  in  the  cotyledon  stage  will  not  tolerate 
continuous  wind  greater  than  about  10  miles  per  hour 
at  the  soil  surface  (  Lobaev  1950);  windbreaks  there- 
fore may  be  necessary  in  some  areas. 

Surface  drainage  must  be  adequate.  Water  flow- 
ing across  the  beds  will  almost  invariably  remove  a 
substantial  portion  of  the  seed. 

SEEDLING  PRODUCTION 

SoH'mg.^Sycamore  seeds  are  occasionally  sown 
in  the  fall  or  late  winter,  but  germination  is  quicker 
and  more  complete  if  sowing  is  postponed  until  mid- 
dle or  late  spring.  Damping-off  is  more  often  a  prob- 
lem in  warm  soils,  however,  and  drying  must  be 
watched  carefulh  where  winds  tend  to  be  strong  and 
nearly  continuous  as  the  season  advances. 

Seedbed  preparation  is  equivalent  to  that  for  any 
small-seeded  species.  The  beds  should  be  plowed  or 
deep-disked  in  the  fall,  and  shaped,  rototilled,  and 
rolled  shortly  before  they  are  sown.  The  surface 
should  be  firm  and  level. 

Seeds  are  commonly  broadcast  by  hand,  even  in 
nurseries  with  annual  production  in  the  hundredsof 
thousands,  but  they  are  also  broadcast  with  fertilizer 
distributors  and  seed  sowers;  two  nurseries  use  drills, 
adding  aluminum  powder  to  improve  seedflow.  For- 
merly seedlings  were  often  grown  in  single  rows  in- 
stead of  beds  (Engstrom  and  Stoeckeler  1941),  but 
only  one  nursery  is  known  to  be  using  rows  at  present. 
Unless  spacing  is  controlled  carefully,  seedlings  in 
rows  tend  to  crook  severely  just  above  the  rootcollar; 
this  may  be  an  important  reason  why  beds  have  be- 
come popular. 

Desired  density  of  seedlings  varies  considerably. 
Small  seedlings  are  generally  preferred  for  reclama- 
tion planting  on  spoil  banks,  and  nurseries  providing 
such  stock  may  grow  25  to  35  seedlings  per  square 
foot  of  bed  space.  Larger  stock  is  usually  desired  for 
other  purposes,  however,  and  recommended  bed  den- 


sities range  from  5  to  10  per  square  foot  (Engstrom 
and  Stoeckeler  1941)  up  to  25  (Vande  Linde  1960). 
Actual  densities  in  State  nurseries  during  the  fall  of 
1967  varied  from  slightly  more  than  one  to  as  many  as 
70  per  square  foot,  with  eight  to  12  the  most  common. 

A  final  decision  on  bed  density  requires  balancing 
nursery  costs  against  anticipated  field  growth.  Large 
stock  costs  more  to  produce,  but  field  survival  and 
growth  both  increase  with  increasing  diameter  at  the 
rootcollar  (Engstrom  and  Stoeckeler  1941;  Ike  1962b; 
Knezevic  1956).  Among  nurserymen  providing  stock 
for  forest  or  shade  tree  plantings — as  opposed  to  spoil 
bank  reclamation — a  diameter  of  0.25  inch  is  almost 
universally  agreed  upon  as  the  minimum  desired.  An 
industrial  nursery  producing  for  its  own  plantings  pre- 
fers 0.5  inch  as  minimum.  In  the  21  nurseries 
checked,  however,  not  a  single  bed-width  plot  was 
found  with  more  than  three  0.25-inch  seedlings  per 
square  foot  (regardless  of  whether  or  not  smaller  seed- 
lings were  also  present).  Existing  objectives  or  prac- 
tices will  have  to  be  changed  in  order  to  reconcile  de- 
sired stocking  with  desired  plant  size,  but  the  mini- 
mum rootcollar  diameter  should  not  be  reduced  with- 
out considerable  justification,  for  large  stock  is  need- 
ed in  the  field. 

Sowing  rate,  in  pounds  per  bed,  can  be  calculat- 
ed from  the  widely  known  formula: 

Weight  =     (A><d> 


(n)(g)(s) 


where  A  =  area  of  bed  in  square  feet;  d  =  seedlings 
desired  per  square  foot  of  bed;  n  =  seeds  per  pound 
converted  to  the  same  moisture  content  at  which  the 
seed  is  to  be  weighed  out  for  sowing;  g  =  germination 
percent  of  the  particular  seed  lot  to  be  sown  expressed 
as  a  decimal;  and  s  =  expected  survival  expressed  as  a 
decimal  and  referring  to  the  number  of  plantable 
seedlings  per  100  sound  seeds  sown. 

Another  method,  much  simpler  and  perhaps  as 
useful,  is  to  determine  germination  percentage,  then 
sow  at  the  following  rates  per  10Q  linear  feet  of  4-foot 
bed: 


Germination  pe 

rcent 

age 

Sow 

Ounces 

10 

16 

20 

8 

40 

4 

80 

2 

These  rates  are  for  air-dry  seed  and  are  intended  to 
provide  five  seedlings  per  square  foot.  They  should  be 
adjusted  as  local  experience  is  accumulated.  Seedbeds 
are  nearly  always  mulched  to  reduce  drying  and  blow- 


ng  or  washing  of  the  light  seed  and  newly  germinated 
eedlings.  Sawdust  is  an  excellent  mulch;  pine  needles, 
•at  straw,  rice  straw,  and  chopped-up  pine  cones  are 
lso  used.  The  last  is  unsatisfactory,  because  seedlings 
re  killed  by  large  fragments  of  cone. 

Because  the  seedlings  have  short  hypocotyls, 
hickness  of  the  mulch  is  critical  (fig.  5).  Tests  at  the 
rorest  Service's  Southern  Hardwoods  Laboratory 
ndicate  that  0.25  inch  of  mulch  is  preferable  to  any 
xeater  thickness: 


Thickness  of 
mulch  (inches) 

0.00 

.25 

.50 

.75 
1.00 
1.25 
1.50 


Germination,  as  a  percentage  of 
that  with  Va  -inch  mulch 

30 
100 
76 
75 
48 
30 
3 


O 

X 
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igure  5. — Newly  emerged  seedling.  The  typically  short  hypocotyl 
has  barely  lifted  the  cotyledons  above  the  0.5-inch 
mulch. 

Care  in  nursery. — As  has  been  indicated,  beds 
sould  be  watered  often  enough  to  keep  the  top  inch 
«i  soil  moist  until  seedlings  have  several  true  leaves 
(  obaev  1950;  Zmijanac  1956).  Continued  watering  is 
(Isirable  until  seedlings  are  near  the  size  wanted,  but 
sfiount  of  water  applied  can  be  increased  and  the  pe- 
ibd  between  applications  lengthened  as  the  root  sys- 
tns  expand. 


Shading  has  been  recommended  for  the  first 
month  (Engstrom  and  Stoeckeler  1941;  Zmijanac 
1956),  but  it  is  rarely  done  and  is  apparently  unneces- 
sary if  seeds  and  new  seedlings  are  kept  adequately 
watered. 

If  beds  are  overdense  by  the  time  the  seedlings 
have  three  to  five  true  leaves,  thinning  is  necessary. 
Sycamore  usually  responds  to  overcrowding  by  reduc- 
tion in  growth,  but  mortality  has  been  reported.5 

Weed  competition  must  be  controlled.  Presowing 
fumigation  of  the  beds  with  methyl  bromide,  Vapam, 
Mylone,  or  Vorlex  has  controlled  weeds,  and  also  lim- 
ited the  development  of  fungi  and  nematodes,  during 
the  early  growing  season.  Preemergence  herbicides 
are  less  expensive  than  fumigants,  and  Carter  and 
Martin  (1967)  reported  that  EPTC,  DCPA,  chloroxu- 
ron,  trifluralin,  diphenamid,  norea,  and  dichlobenil 
reduced  hand  weeding  by  as  much  as  one-half  with- 
out damaging  the  seedlings.  Currently,  production 
nurseries  depend  primarily  on  hand  weeding,  but  her- 
bicides are  likely  to  be  used  increasingly. 

Cultivation,  other  than  hand  weeding,  is  rare.  11 
seedbed  density  is  held  to  the  recommended  level  and 
the  seeds  sown  in  narrow  rows,  mechanical  cultivation 
offers  an  obvious  means  of  reducing  hand  weeding. 

Fertilization  is  almost  universal.  Application  is 
usually  with  or  preceding  a  cover  crop,  but  a  few  nurs- 
eries add  nitrogen  directly  to  the  beds  of  trees. 
Amount  and  composition  of  the  fertilizer  vary  tre- 
mendously. There  is  little  information  on  the  nutrient 
requirements  of  sycamore  seedlings  per  se,  other  than 
that  the  species  can  be  grown  on  alkaline  as  well  as 
acid  soils  (Bonner  and  Broadfoot  1964). 

Pruning.  —  In  order  to  limit  seedling  size,  tops 
may  be  pruned  one  or  more  times  during  the  growing 
season.  This  type  of  pruning  is  normally  done  with  a 
tractor-mounted  rotary  mower;  height  of  cut  varies 
from  6  to  10  inches  above  ground,  and  the  time  com- 
monly is  from  about  the  first  of  July  to  the  middle  of 
August — early  enough  to  permit  healing  of  the  cuts 
before  the  seedlings  are  lifted  and  shipped. 

Alternatively,  the  tops  may  be  unpruned  during 
the  growing  season  but  trimmed  with  either  a  rotary 
or  reciprocating  mower  prior  to  lifting;  the  latter 
makes  a  cleaner  cut  in  most  cases.  Or  tops  may  be 
trimmed  off,  usually  with  a  rotary  saw,  during  the 
packing  process. 

Seedlings  pruned  after  the  growing  season  are 
more  convenient  for  packing  and  planting,  particular- 
ly the  larger  seedlings.  Early  pruning  promotes  the 
development  of  large  branches  on  the  lower  stem, 


'Personal  correspondence  with  C  E.  Peevy,  Louisiana  Forestry  Commission,  Dec.  30. 
1968. 


whereas  dormant-season  pruning  often  removes  all 
branches,  leaving  a  clean,  uncluttered  stem  that  takes 
minimum  space  in  packing  and  in  the  planter's  box 
(fig.  6). 


Figure  6.      Top-pruned  seedling.  The  heavily  branched  stem  was 
pruned  in  July;  the  other,  after  lifting  in  January. 


Field  checks  have  failed  to  show  that  pruning 
increases  the  proportion  of  forked  or  diseased  stems. 
Height  growth  of  the  pruned  seedlings  is  at  least  as 
great  as  for  unpruned,  but  1  to  3  years  may  be  re- 
quired for  pruned  trees  to  equal  the  total  height  of  the 
unpruned. 

Nurseries  that  top-prune  during  the  growing  sea- 
son generally  do  not  root-prune  then;  and  those  that 
root-prune  during  the  growing  season  usually  do  not 
top-prune  then. 

Root  pruning  usually  has  one  or  more  of  three 
objectives:  to  limit  top  growth,  to  modify  the  pattern 
of  root  development,  or  to  restrict  size  of  the  root  sys- 
tems. Although  the  first  objective  was  attained  at  one 
nursery  by  pruning  as  soon  as  possible  after  a  heavy 
irrigation,  several  nurseries  reported  no  top  reduction 
when  root  pruning  was  followed  by  irrigation;  con- 
versely, appreciable  mortality  occurred  when  follow- 
up  irrigation  was  omitied.  Thus,  reduction  of  top 
growth  appears  to  be  possible  but  difficult  to  obtain. 

The  second  and  third  objectives  are  attained 
without  difficulty.  Root  pruning  about  mid-July  al- 


most invariably  promotes  development  of  small  later- 
als and  reduces  extension  of  major  roots. 

Whether  or  not  roots  are  pruned  in  mid-season, 
they  are  inescapably  pruned  during  lifting.  The  lift- 
ing blade  is  usually  set  as  shallow  as  possible,  about  6 
to  8  inches.  Abnormally  large  lateral  roots  are  some- 
times pruned  between  lifting  and  packing,  and  are  of- 
ten pruned  by  the  planting  crew.  Tests  to  date  indicate 
no  loss  in  ability  to  survive  and  grow  even  when  the 
taproot  is  trimmed  to  less  than  4  inches  and  all  later- 
als are  removed.  On  the  other  hand,  survival  and  early 
growth  both  suffer  when  seedlings  have  dried,  de- 
barked, or  bruised  roots. 

Thus  for  sycamore  the  delivery  of  seedlings  with 
a  large  mass  of  roots  is  far  less  important  than  de- 
livering seedlings  on  which  existing  roots  have  not 
been  allowed  to  dry.  In  view  of  the  large  investment 
that  goes  into  production  of  nursery  stock  and  the 
greater  investments  that  go  into  forest  plantings,  it  is 
important  to  insure  that  roots  stay  moist  at  every 
stage  of  handling. 

Inventory.  —  Because  stands  of  sycamore  are 
generally  more  variable  than  those  of  most  other  spe- 
cies, more  samples  or  larger  plots  may  be  required  for 
a  given  degree  of  inventory  precision. 

Lifting,  grading,  and  shipping. — Sycamore  is 
tardily  deciduous,  and  so  is  one  of  the  last  hardwoods 
lifted.  Northern  nurseries  usually  lift  in  the  fall,  heel 
in,  then  pack  and  ship  in  late  winter.  Southern  nurser- 
ies omit  heeling  in,  and  commonly  lift  at  any  conven- 
ient time  after  December  1 .  In  a  Mississippi  trial  of 
lifting  and  planting  monthly  from  August  through 
April,  February  lifting  resulted  in  slightly  the  best 
first-year  field  growth;  survival  was  very  low  in  Au- 
gust and  low  in  September,  but  did  not  vary  from 
October  to  April. 

Culling  and  grading  vary  with  nursery.  A  mini- 
mum acceptable  rootcollar  diameter  is  always  estab- 
lished, but  it  varies  from  1/16  to  3/8  inch,  with  about 
1/8  inch  the  most  common.  Cull,  medium,  and  large 
are  the  only  three  grades  in  use,  not  necessarily  by 
these  names.  A  very  few  nurseries  grade  on  the  basis 
of  height  and  charge  a  premium  for  the  largest  class. 
Most  grading  standards  appear  to  have  been  arrived 
at  subjectively,  rather  than  by  measurement  of  field 
performance. 

As  mentioned  earlier,  small  seedlings  have  been 
preferred  by  many  planters  for  spoil  banks.  Interest  is 
developing,  however,  in  combining  wood  production 
with  reclamation.  The  change  is  almost  sure  to  bring 
demand  for  planting  stock  capable  of  fast  early 
growth;  this  means  large-diameter  stock  with  roots 


pruned  for  easy  planting  and  tops  pruned  to  prevent 
wind  whipping  on  these  exposed  sites. 

Packing  material  and  technique  vary  consider- 
ably, but  individual  nurserymen  universally  treat  sy- 
camore as  they  do  other  hardwoods  of  similar  size. 
Peat  moss  is  the  most  widely  used  material  for  keep- 
ing roots  moist.  A  clay  slurry  is  sometimes  applied, 
wet  sawdust  is  utilized  by  a  few  nurserymen,  and  one 
nursery  ships  the  seedlings  in  closed  paper  bags.  An 
industrial  nursery  that  delivers  direct  to  the  planting 
site  omits  packaging  completely  by  loading  a  truck 
with  seedlings  and  covering  the  entire  mass  with  moist 
sawdust;  only  a  few  minutes'  work  at  the  planting  site 
is  necessary  to  insure  that  roots  are  again  covered 
with  the  sawdust  after  unloading. 

Most  bales  contain  500  or  1,000  seedlings,  de- 
pending on  size  of  seedling. 

No  special  measures  are  required  for  shipping 
sycamore,  and  initial  field  survival  indicates  that  it 
stands  shipping  better  than  most  species. 

CUTTING   PRODUCTION 

Although  cuttings  generally  are  less  desirable 
planting  stock  than  seedlings,  they  can  be  nursery- 
grown  for  annual  harvest.  The  procedure  is..about  the 
same  as  for  cottonwood  cuttings:  seedlings  or  cuttings 
are  planted  approximately  1  foot  apart  in  rows  3  to  4 
feet  apart,  to  permit  mechanical  cultivation;  they  are 
fertilized  as  required  by  the  particular  soil  and  irriga- 
ted freely  until  about  September  1  or  a  month  before 
first  frost,  whichever  is  earlier.  First-year  height 
growth  should  be  8  to  12  feet  in  the  South,  providing 
four  to  six  cuttings  per  stem.  Cuttings  can  be  harvest- 
ed from  bud-set  in  the  fall  until  buds  begin  swelling  in 
the  spring. 

Unless  the  planting  site  is  extremely  favorable. 


cuttings  should  be  16  to  20  inches  long  and  at  least  0.3 
inch,  preferably  0.5  inch,  in  diameter  at  the  top.  There 
is  no  known  biological  limit  to  the  maximum  diame- 
ter of  cutting,  but  planting  techniques  usually  restrict 
the  usable  maximum  to  about  1.5  inches.  Cuttings 
longer  than  20  inches  may  be  required  for  certain 
sites. 

NURSERY   INJURIES 

Although  not  especially  prone  to  damage,  Amer- 
ican sycamore  is  attacked  by  several  common  nursery 
pests. 

Damping-orT  may  be  severe  on  neutral  to  slightly 
alkaline  soils.  Prevention  and  control  are  whatever  is 
standard  for  the  nursery,  with  Captan  72-S  perhaps 
the  most  widely  used  at  present  for  prevention  and 
methylmercury  dicyandiamide  for  control. 

The  sycamore  lace  bug  (Corythucha  ciliata 
(Say)),  salt-marsh  caterpillar  (Estigmene  acrea 
(Drury)),  tubeworms  {Tetralopha platinella  Clemons, 
T.  militella  Zell.),  and  similar  herbivores  feed  on  sy- 
camore. Control  is  by  spraying  with  lindane  or  mala- 
thion  either  at  10-day  intervals  or  whenever  newly 
hatched  larvae  appear  (Morris  1964). 

Sting  nematodes  (Ruehle  1967)  and  root  rots 
(Toole  1967)  may  cause  extensive  mortality.  Proper 
nursery  management,  particularly  fumigation  before 
sowing,  will  control  them  and  similar  pests. 

Young  seedlings  are  resistant  to  soil  flooding 
(McDermott  1954),  and  even  to  submersion  (Hosner 
and  Leaf  1962).  Neither  birds  nor  rodents  prefer  the 
seed  or  seedling,  although  there  may  be  sporadic  loss- 
es to  either. 

Tender  young  seedlings  are  susceptible  to  freez- 
ing (Lobaev  1950);  sycamore  should  not  be  sown  until 
all  danger  of  hard  frosts  is  past. 


Planting 


SITE 


Selection  of  site  is  probably  the  single  most  im- 
portant decision  in  establishing  a  sycamore  planta- 
tion. Although  sycamore  occurs  in  nature  most  often 
and  reaches  its  maximum  size  near  streams  and 
rivers,  it  is  not  confined  to  such  sites  and  can  be  seen 
in  coves  and  on  steep  slopes  (Merz  1958)  and  even  on 
ridgetops,  particularly  in  the  Ozark  Mountains.  It 
occurs  naturally  and  grows  vigorously  on  soils  that 
are  mildly  alkaline  (Broadfoot  1964),  as  well  as  on 
acid  spoil  banks  (Einspahr  et  al.  1955;  Merz  and  Plass 
1952). 


Although  trees  thrive  where  ground  water  is 
within  the  root  zone,  they  do  not  grow  well  where  the 
soil  is  flooded  or  saturated  throughout  most  of  the 
growing  season  (Bonner  1966b;  Hall  and  Smith  1955). 

Sycamore  has  been  successfully  planted  both  to 
the  north  (Rosendahl  and  Butters  1928)  and  west 
( Read  1958)  of  its  natural  range.  It  has  grown  well  on 
sand  dunes  (Atay  1964),  and  in  the  Mississippi  Delta 
has  shown  excellent  initial  survival  on  sandy  soils  so 
droughty  that  planted  cottonwood  (Populus  deltoides 
Bartr.)  died  out. 

For  the  Midsouth,  Broadfoot  (1964)  recom- 
mended sycamore  as  one  of  the  species  to  be  favored 


on  the  soil  series  listed  below.  Not  every  site  on  the 
listed  soil  series  is  suitable,  of  course,  and  productivity 
of  specific  microsites  will  vary  considerably  within  a 
single  series. 
Delta  areas 

Recent  natural-levee  soils:  Commerce,  Crevasse, 

Mhoon,  Robinsonville. 
Old  natural-levee  soils:  Beulah,  Bosket,  Dubbs, 

Dundee,  Forestdale. 
Slackwater  soils:  Alligator,  Bowdre,  Sharkey, 
Tunica. 
Loess  areas 
Uplands  (moist  sites  only):  Atwood,  Brandon, 
Dulac,  Grenada,  Lax,  Lexington,  Memphis- 
Loring,  Natchez,  Providence,  Tippah. 
Terraces:  Dexter,  Lintonia. 
Acid    bottoms:    Collins,    Falaya,    Vicksburg, 

Waverly. 
Neutral  to  alkaline  bottoms:  Adler,  Morganfield. 
Coastal    Plain    bottoms:    Bibb,    Bruno,    Chastain, 

luka,  Mantachie,  Ochlockonee,  Urbo. 
Blackland  bottoms:  Catalpa,  Houlka,  Kaufman, 
Leeper,    Marietta,  Trinity,   Tuscumbia,   Una, 
Verona. 
Red  areas 

Terraces:  Asa,  McKamie,  Morse,  Muskogee. 


Bottoms:  Buxin,  Gallion,  Hebert,  Lonoke,  Mer 
Rouge,    Miller,   Norwood,   Perry,   Pledger, 
Portland,  Pulaski,  Roebuck,  Yahola. 
Productivity  of  the  silty  upland  soils  of  the  south- 
ern Mississippi  Valley  has  been  appraised  as  follows 
(Anonymous  1968): 

Very  high  productivity: 
Few  or  no  management  problems:  Adler,  Col- 
lins, Morganfield,  Vicksburg. 
Moderate  or  severe  management  problems:  Ar- 
kabutla,  Falaya,  Routon,  flooded  Collins. 
High  productivity:  Rosebloom,  Waverly. 
Moderate  productivity:  Loring,  Memphis. 

Broadfoot6  has  devised  a  subjective  method  for 
appraising  sycamore  site  quality  by  assessing  four  soil 
factors:  physical  condition,  nutrient  availability, 
moisture  availability  during  growing  season,  and  soil 
(table  1).  Physical  condition  seems  to  be  the  most 
important  in  determining  growth  and  development. 
On  a  site  with  all  the  "Best1'  characteristics,  as  listed 
in  table  1,  sycamore  would  grow  about  120  feet  in  50 
years.  Singly,  or  combined,  the  characteristics  listed 
in  the  table  under  "Poorest"  may  limit  productivity  to 
something  less  than  90  feet  in  50  years. 


'Personal  communication.  Walter  M    Broadfoot,  USDA  Forest  Service.  Southern  Hard- 
woods Laboratory,  Stoneville,  Miss.,  June  13,  1969. 


Table  1 . — Subjective  approach  to  sycamore  site  evaluation 


Factor 

Determining 
influence 

Characteristics 

Best  site  quality 

Poorest  site  quality 

Physical  condition 

Parent  material, 

Medium  to  coarse  soil  texture 

Clays 

of  soil 

past  use  or  history. 

Good  structure 

Structureless 

morphology  of  surface 

Loose,  porous 

Compacted 

4  feet  of  soil 

Undisturbed,  near-virgin 

Cultivated  or  grazed 
old  fields 

Deep  soils  (without  pans) 

Soils  with  pans 

Nutrient  availability 

Past  use  or  history, 

High  in  organic  matter(>2%) 

Low  in  organic  matter 

source  of  parent 

«1%) 

material 

6  inches  or  more  A  horizon 

Less  than  6  inches 
A  horizon 

Medium  to  high  pH  value 

Extremely  alkaline 

(5.5  to  8.0) 

(8.5  to  9.0) 
Extremely  acid  (<4.5) 

Alluvial  soils 

Upland  soils 

Young,  undeveloped  soils 

Old,  leached  soils 

Moisture  availability 

Physiography  and  po- 

With normal  rainfall,  soil 

With  normal  rainfall, 

sition,  depth  to  water 

is  moist  throughout  entire 

site  is  dry  much  of  the 

table,  past  use  or 

growing  season 

growing  season 

history 

Soil  aeration 

Past  use  and  history, 

Brightly  colored  (black, 

Gray  soils 

internal  drainage 

brown,  red)  soils 

unmottled  to  18  inches 

Mottled  to  surface, 
or  with  standing  water 

SITE   PREPARATION 

Intensive  site  preparation  is  important  to  the  best 
survival  and  growth  of  planted  seedlings.  Sycamore  is 
i  species  that  occurs  early  in  forest  successions 
USDA  Forest  Service  1965,  p.  490),  appearing  with 
ather  pioneer  species  that  invade  abandoned  fields, 
newly  formed  lands  along  streams,  and  similar  bared 
areas  (McKnight  1969;  Oosting  1942).  In  plantations, 
t  survives  and  grows  best  on  sites  from  which  all  oth- 
;r  living  seed  plants  have  been  removed.  The  necessity 
"or  such  drastic  site  preparation  depends  on  the  prod- 
ictivity  of  the  site.  The  better  the  site,  the  more  natu- 
•al  competition  there  will  be,  and  the  more  important 
t  is  to  control  such  competition.  The  scattered  weeds 
ind  occasional  vines  on  a  poor  site  provide  little  com- 
petition to  a  good  seedling,  but  even  unusually  sturdy 
seedlings,  as  sycamores  are,  may  succumb  to  the 
:ompetition  of  weeds  8  to  12  feet  tall  or  to  a  solid 
;arpet  of  vines. 

In  southern  bottom  lands  outside  of  the  Pied- 
mont, heavy  plowing  with  disks  that  will  cut  4  to  8 
inches  deep  should  precede  planting  of  abandoned 
fields  or  pastures;  the  disking  should  continue  until  all 
perennial  competition  has  been  thoroughly  dried  or 
:urned  under. 

Where  rocks  or  other  hazards  make  such  inten- 
sive preparation  impossible,  the  site  should  be  planted 
mmediately  after  clearing  in  order  to  give  the  syca- 
fnore  seedlings  the  best  possible  start  on  competition 
lhat  will  develop  from  sprouts  and  seeds.  Only  the 
Sturdiest  planting  stock  should  be  used  in  such  a  situa- 
tion. 

Sycamore  has  been  successfully  planted  under 

light  shade  and  in  small  openings,  but  growth  is  slow 

-Biswell  1935).  Killing  the  overstory  by  girdling  or 

poisoning  permits  the  seedlings  to  survive,  but  the 

jigher  cost  of  clearing  and  burning  will  almost  cer- 

ainly  be  repaid  by  increased  yields  which  will  accom- 

any  postplanting  cultivation.  This  is  particularly  true 

n  high-quality  sites,  where  debris  must  be  removed 

uring  site  preparation  to  allow  for  mechanical  cul- 

vation. 

SEASON  AND  WEATHER 

Like  most  deciduous  trees,  sycamore  is  best 
lanted  during  the  dormant  season,  with  late  winter 
pparently  preferable  in  the  Deep  South.  Preliminary 
>sts  have  shown  some  survival  from  July 
anting7and  substantial  survival  from  planting  in  the 
:riod  August  through  April,  but  only  if  soil  moisture 


;rsonal  correspondence  with  John  A   Nugent.  International  Paper  Company,  Jan.  24 


is  plentiful  at  planting  and  for  an  extended  period  af- 
terwards. The  qualification  cannot  be  disregarded, 
since  soil  moisture  is  not  normally  abundant  on  most 
sites  in  August  and  September.  If  the  tree  is  in  leaf  at 
time  of  planting,  leaves  should  be  removed  by  strip- 
ping or  pruning  of  the  stem.  Dormant  seedlings  can  be 
kept  in  cold  storage  for  at  least  4  months,  then  plant- 
ed successfully  as  late  as  August  if  ample  moisture  is 
provided  by  rainfall  or  irrigation. 


PLANTING   STOCK 


Seedlings.  —  Planting  stock  should  normally  be 
seedlings.  Stem  diameter  at  the  groundline  should  be 
at  least  0.25  inch,  and  0.5  inch  is  better.  Little  specific 
information  is  available  on  the  relation  of  growth  to 
initial  diameter,  but  Ike  (1962b)  found  that  seedlings 
over  0.5  inch  at  the  rootcollar  grew  more  than  twice  as 
much  the  first  year  as  did  those  less  than  0.3  inch.  In  a 
test  on  two  sites  in  the  Mississippi  Delta,  seedlings 
with  diameters  less  than  0.2  inch  suffered  100  percent 
mortality  while  seedlings  larger  than  0.4  inch  showed 
better  than  80  percent  survival.  Both  sites  were  old 
fields  supporting  dense  stands  of  Johnson  grass, 
Sorghum  halepense  (L.)  Pers.,  not  a  recommended 
planting  condition. 

Cuttings. — Sycamore  plantations  can  be  estab- 
lished from  cuttings  (Briscoe  1963;  McAlpine  1963; 
Nelson  and  Martindale  1957;  Tourney  1931).  Cut- 
tings have  been  recommended  over  seedlings  for  the 
closely  related  oriental  plane  (Zmijanac  1956)  and 
California  sycamore  (Mirov  and  Kraebel  1939),  but 
American  sycamore  cuttings  survive  less  well  than 
seedlings,  grow  more  slowly  initially,  are  not  adapted 
to  as  wide  a  variety  of  sites,  and  are  generally  more 
expensive  to  produce  and  handle.  They  are  currently 
used  much  less  than  are  seedlings.  Their  only  appar- 
ent advantage,  except  in  tree  improvement,  is  that 
they  can  be  harvested  quickly  if  natural  stands  of 
seedlings  or  small  saplings  are  available. 

Cuttings  should  be  from  stems  or  sprouts  less 
than  4  years  old;  first-year  stems  are  preferred.  Butts 
have  been  reported  to  give  better  growth  than  cuttings 
from  the  upper  portion  of  the  stem  (Briscoe  1963; 
Nelson  and  Martindale  1957),  but  the  apparent  result 
may  have  been  the  effect  of  cutting  size  rather  than 
position  in  the  stem.  Minimum  top  diameter  should 
be  at  least  0.3  inch,  with  0.5  inch  or  larger  preferred. 
Length  should  be  16  to  20  inches  on  normal  sites,  and 
more  on  poor  sites.  In  every  case  the  cuttings  should 
be  kept  moist  from  collection  until  planting.  Soaking 
a  dried  cutting  is  useless;  once  dried,  a  cutting  is  dead. 


PLANTING  METHODS 

Planting  sycamore  is  essentially  like  planting  any 
other  tree  seedling.  The  objective  is  to  place  the  exist- 
ing root  system  in  contact  with  moist  soil,  without 
damage  or  distortion.  It  is  for  this  reason  that  pruning 
of  the  seedlings  has  been  mentioned  at  such  length  and 
so  often.  The  more  nearly  the  root  system  resembles  a 
carrot,  the  easier  it  is  to  care  for,  handle,  and  plant. 
For  sycamore,  good  planting  of  the  carrot  is  far  pref- 
erable to  poor  planting  of  a  larger  root  system  (fig.  7) 
or  careful  planting  of  damaged  roots. 

Manual  planting  may  be  required  by  the  site  or 
the  scale  of  operations.  A  shovel,  mattock,  dibble,  or 


Figure  1  .—Sycamore  seedlings,  left  to  right:  roots  and  tops  severely- 
pruned,  lightly  pruned,  and  unpruned.  All  three  will 
survive  and  grow  well,  but  the  pruned  trees  are  easier 
and  more  economical  to  handle. 


planting  bar  may  be  used,  depending  on  the  stock 
obtained,  the  site,  and  personal  preference.  The  root 
should  be  planted  at  least  as  deep  as  it  was  in  the  nurs- 
ery; planting  as  much  as  6  inches  deeper  has  no  ad- 
verse effects  if  some  of  the  stem  is  above  the  surface 
soil. 

With  cuttings,  2  to  4  inches  should  normally 
remain  above  ground.  McAlpine*  has  suggested  com- 
pletely covering  long  horizontally  planted  cuttings, 
presumably  for  coppicing  the  resultant  dense  stands. 

Mechanical  tree  planters  usually  permit  faster, 
easier,  and  better  planting  than  hand  methods,  and 
the  tractor-mounted  or  tractor-drawn  planters  devel- 
oped for  pines  serve  well  with  sycamore.  The  utility  of 
a  particular  model  depends  primarily  on  soil  type  and 
ground  conditions. 

Planting  large  seedlings  in  deep  auger  holes,  as 
poplars   are  sometimes  planted  (Schreiner   1959;| 
White  1968),  has  increased  survival  and  height  growth 
the  first  year  (Kaszkurewicz  1967a)  and  promoted 
large  root  systems  (Kaszkurewicz  1967b). 

SPACING 

Optimum  spacing  varies  with  management  ob- 
jectives. For  example,  a  stand  destined  to  be  thinned 
for  pulpwood  should  be  planted  more  closely  than  a 
stand  meant  exclusively  for  saw  logs  and  veneer.  Sim- 
ilarly, trees  to  be  cultivated  and  pruned  may  be  spaced 
wider  than  trees  not  so  treated. 

On  the  basis  of  information  now  available,  the 
spacings  in  table  2  are  suggested.  The  number  of  trees 
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Table  2. — Suggested  spacings  for  sycamore  planta- 

tions 

Desired  mean 

Anticipated  stand  at  time  of  first  cut 

Mean  stand  d.b.h. 
when  natural 

stand  d.b.h.  a( 

Equivalent 

first  thinning 

Trees 

square 

pruning  begins-' 

(inches) 

111 

per  acre 

(2i 

spacing 

(4) 

No. 

Feet 

Inches 

4 

538 

9 

2 

6 

360 

11 

3 

8 

239 

13.5 

4 

10 

170 

16 

5.5 

12 

134 

18 

6 

14 

104 

20.5 

7.5 

16 

82 

23 

9 

1   Surviving  trees  oniy.  Based  on  basal  area  values  reported  for  undisturbed  stands  by  G. 
H.  Lentz.  whose  1928  informal  reports  and  charts,  entitled  "Hardwood  Reports,  and 
Addenda,"  are  on  file  at  Southern  Hardwoods  Laboratory,  Stoncville,  Miss. 
Adapted  from  information  reported  by  Krajicek  (1967) 

'Personal  correspondence  with  Robert  G   McAlpine,  USDA  Forest  Service,  Forestry  Sci- 

ences Laboratory,  Athens,  Ga.,  Feb.  6,  1969. 

in  column  2  and  the  spacings  in  column  3  refer  to  the 
trees  desired  at  time  of  first  thinning,  with  no  allow- 
ance for  mortality.  If  .90  percent  survival  is  expected, 
the  number  of  trees  to  plant  can  be  approximated  by 
multiplying  1. 1  times  the  value  in  column  2.  Other 
assumptions  as  to  mortality  will  require  different  ad- 
justment values.  The  values  listed  describe  the  stand 
characteristics  at  the  time  mean  annual  increment  per 
acre  culminates. 

Time  to  reach  a  given  diameter  is  shortened  by 
adopting  spacings  wider  than  those  suggested,  but 
yield  per  acre  will  drop.  Conversely,  higher  yields  per 
acre  can  be  obtained  by  closer  spacings,  but  at  a  given 
diameter  trees  will  be  older  and  competition  will  re- 
duce vigor. 


Management  of  sycamore  on  very  short  coppice 
rotations  (McAlpineer  al.  1966)  may  involve  spacings 
closer  than  6  inches  by  40  inches;  not  enough  data 
have  accumulated  to  permit  even  an  informed  guess. 

REPLANTING    AND    MIXED    PLANTINGS 

Sycamore  has  been  used  for  planting  failed  spots 
in  plantations  of  cottonwood  and  of  yellow-poplar, 
with  initial  success.  It  has  also  been  used  in  mixed 
plantings,  particularly  on  spoil  banks,  but  it  cannot  be 
recommended  for  this  purpose,  as  it  outgrows  and 
dominates  most  associates  (Rodenbach  and  Olson 
1962;  Seidel  and  Brinkman  1962)  and  dies  out  or 
grows  slowly  if  overtopped. 


Plantation  Care 


CULTIVATION    AND    FERTILIZATION 

Many  sycamore  plantations  have  been  estab- 
lished without  postplanting  care  of  any  kind.  Where 
large  and  vigorous  stock  is  used,  survival  is  often  ex- 
cellent. However,  consistently  best  survival  and  height 
growth — as  much  as  12  feet  the  first  year — are  ob- 
tained with  clean  cultivation.  Observations  indicate 
that  cultivation  as  needed  through  the  first  year  short- 
ens the  rotation  by  2  to  3  years  or,  considered  another 
way,  increases  the  final  yield  on  a  good  site  by  1  to 
2,000  board  feet  per  acre. 

Cultivation  on  well-prepared,  reasonably  level 
lites  should  begin  as  soon  as  weeds  appear  above 
'round.  The  best  care  can  be  obtained  by  straddle- 
titivating  until  the  trees  are  too  large,  then  cultivat- 
ing between  the  rows  (fig.  8  ).  Two  to  five  cultivations 
litre  required  during  the  first  year.  On  good  sites  sec- 
ond-year cultivation  is  unnecessary;  its  economic  ef- 
fect is  not  yet  known. 


Heavy,  well-built  equipment  is  essential.  Rubber- 
tired  tractors  of  about  80  hp.  are  probably  best;  light- 
er ones  cannot  easily  pull  a  heavy  disk  or  a  full  gang 
of  cultivating  plows. 

Fertilization  may  increase  growth  of  sycamore 
seedlings  (Broadfoot  and  Ike  1967;  Funk  and  Krause 
1965;  Gilmore  and  Boggess  1963;  Huppuch  1960;  Ike 
1962a),  and  small-scale  trials  are  worthwhile.  No  ex- 
perimental information  is  available  on  the  results  of 
fertilizing  established  stands,  nor  is  growth  well  corre- 
lated with  nutrient  composition  of  the  leaves  (Gilmore 
1965). 

Phosphorus  is  most  likely  to  be  deficient  on 
coarse,  poorly  drained  soils  near  the  coast  and  in  seed- 
ling stands.  Addition  of  nitrogen  may  increase  growth 
on  finer,  higher  soils  and  in  established  stands 
(Bengtson  1968).  Lime,  phosphorus,  and  potassium 
may  be  applied  up  to  a  year  or  more  before  planting 
and  should  be  incorporated  into  the  soil.  Nitrogen  in 
readily  available  forms  leaches  rapidly,  and  hence 


igure  8. — A  plantation  just  after  a  cultiva- 
tion at  the  beginning  of  the  second 
growing  season.  Such  a  cultivation 
is  not  necessary,  but  it  stimulates 
growth  markedly. 
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should  be  applied  just  before  or  sometime  after  plant- 
ing, when  soil  moisture  is  abundant.  If  trials  are  to  be 
carried  out,  weed  competition  must  be  controlled. 

Although  fertilization  will  undoubtedly  become 
increasingly  important  in  the  future,  large-scale  appli- 
cation cannot  be  recommended  now. 

PROTECTION 

Plantations  of  sycamore  are  resistant  to  most 
agents,  but  they  are  not  immune.  Therefore  they  must 
receive  the  care  normally  accorded  to  forest  plantings. 
If  fires  are  not  extremely  hot,  the  trees  will  sprout 
from  the  stumps  (fig.  9).  In  plantations  that  have  been 
heavily  invaded  by  Johnson  grass  or  other  weeds, 
however,  a  fire  during  dry  weather  may  destroy  the 
sprouting  ability  of  the  rootstocks. 

Neither  deer  nor  domestic  livestock  prefer  syca- 
more seedlings  (McKnight  1969),  but  heavy  concen- 
trations of  either  will  strip,  trample,  and  eventually 
kill  young  trees.  Livestock  should  be  kept  out  of  new 
plantations.  Damage  from  deer  can  almost  always  be 
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Figure  9.  -Multiple  sprouts  of  a  sycamore,  2  years  after  a  hot  fire 
killed  the  original  stem. 


held  to  a  tolerable  level  by  planting  in  blocks  of  40 
acres  or  more.  Where  deer  are  numerous,  small  plant- 
ings may  have  to  be  fenced  or  established  with  seed- 
lings more  than  4  feet  tall. 

Rodents,  presumably  rabbits,  may  clip  substan- 
tial numbers  of  seedlings  in  the  spring,  but  stumps  will 
sprout. 

No  insects  are  known  to  become  epidemic  on 
sycamore,  although  many  include  it  as  a  host  species. 
Among  those  causing  noticeable  damage  to  foliage  of 
occasional  trees  are  leafhoppers,  lacebugs,  fall  web- 
worm  (Hyphantria  cunea  (Drury),  aphids,  and  scale 
insects.  The  last  are  the  major  pests  of  the  related  Cal- 
ifornia sycamore  (Smith  1941).  The  wood  is  occasion- 
ally attacked  by  the  Columbian  timber  beetle 
(Corthylus  columbianus  Hopk.),  especially  on 
droughty  sites,  and  by  the  fiat-headed  sycamore- 
heartwood  borer  (Chalcophora  campestris  (Say)), 
and  the  hardwood  stump  borer  {Stenodontes  dasysto- 
mus  (Say)).  While  these  and  other  borers  may  severe- 
ly damage  individual  trees,  widespread  infestations 
have  not  been  reported  (Craighead  1950). 

Diseases  are  of  two  major  types:  those  that  at- 
tack leaves  and  twigs  and  those  that  attack  the  stem. 
Of  the  former,  anthracnose,  caused  by  Gnomonia 
veneta  (Succ.  and  Speg.)  Kleb.,  is  the  most  common 
north  of  the  Ohio  River  (Boewe  et  al.  1954;  USDA 
Forest  Service  1967).  A  light  attack  partially  kills  the 
leaves,  so  that  they  look  frostbitten;  a  severe  infesta- 
tion may  kill  all  the  leaves  and  small  twigs;  growth  is 
then  reduced  and  occasional  trees  die.  The  disease  is 
seen  less  often  south  of  the  Ohio  River,  probably  be- 
cause continuous  cool  (less  than  55°  F.),  wet  weather 
is  requisite  for  epidemic  development  of  the  causal 
organism  (Neely  and  Himelick  1963).  When  neces- 
sary, control  is  by  application  of  fungicide  (Hoffman 
1953;  Snyder  1959).  American  sycamore  has  been 
reported  both  less  resistant  (Selik  1964)  and  more  re- 
sistant (Himelick  and  Neely  1959;  Ito  and  Hosaka 
1950)  than  related  plane  trees.  Possibly,  apparent  re- 
sistance depends  a  great  deal  on  the  interaction  of 
phenological  stage  with  the  weather. 

Of  stem  diseases,  the  cankers  are  by  far  the  most 
important  (McAlpine  1961;  Thompson  1951).  The 
causal  fungi-  may  enter  trees  of  any  size  through 
breaks  in  the  bark  (Filer  1965),  and  the  cankers 
spread  vertically  through  the  cambium  (fig.  10).  Heart 
rot  develops  beneath  the  lesions,  destroying  or  de- 
grading the  wood  and  weakening  the  stem  until  it  is 
likely  to  break  in  a  high  wind.  Fortunately,  trees  seem 
to  be  severely  attacked  only  when  drought  or  other 
factors  have  already  weakened  them,  and  when  the 
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igure  10.  -Stem  canker,  caused  bv  Botryodiplodia  theobromae 
Pat. 


ause  of  stress  disappears  the  periods  of  high  inci- 
ence  seem  to  come  to  a  natural  end  (Michaux  1857; 
joole  1961). 

Established  sycamores  are  more  than  ordinarily 
psistant  to  drought  (Pool  1939)  and  high  winds 
Klden  1939;  Westveld  1939). 

THINNING 

Thinning  of  sycamore  plantings  has  received  lit- 
attention,  but  there  is  no  reason  for  expecting  re- 
Uts  different  from  those  with  other  species.  If  the 
oper  original  spacing  is  adopted,  no  thinning  need 
:  made  until  a  merchantable  product  can  be  harvest- 
I.  Removing  25  to  40  percent  of  the  stems  will  then 
1'ovide  an  operable  cut  and  release  the  remaining 
Ijses.  Neither  epicormic  branching  (Huppuch  1961) 
pr  windfall  (Alden  1939;  Westveld  1939)  has  been 
iiportant  after  thinning. 

Maximum  long-term  cellulose  yield  is  obtained 
1;  thinning  from  below,  although  initial  financial  re- 
trn  from  stumpage  is  minimal.  Maximum  growth  of 


selected  stems  only,  as  for  veneer  bolts,  will  be  ob- 
tained through  a  crown  thinning.  Crown  thinning  will 
remove  larger  trees  and  increase  diameter  growth  of 
stems  released,  but  total  cellulose  yield  is  reduced. 

Row  thinning  offers  great  advantages,  particular- 
ly for  pulpwood  companies,  as  mechanized  harvesters 
are  improved  and  labor  grows  scarce. 

PRUNING 

Natural  pruning  of  sycamore  in  closed  stands  is 
excellent,  and  dead  branches  normally  fall  within  12 
to  18  months.  In  the  open,  lower  branches  live  almost 
indefinitely.  Thus  if  stands  are  kept  open  to  obtain  the 
remarkably  rapid  diameter  growth  of  which  sycamore 
is  capable,  artificial  pruning  will  be  necessary  to  hold 
the  knotty  core  to  a  minimum. 

General  guides  to  pruning  are: 

1 .  Prune  early.  Costs  are  minimum  and  returns 
are  maximum  if  the  knotty  core  is  kept 
small.  Approximately  3  inches'  diameter 
outside  bark  at  time  of  pruning  is  best. 

2.  Prune  only  selected  trees.  Because  complete 
healing  of  scars  requires  nearly  an  inch  of 
wood  outside  the  cut,  2  inches  of  growth  in 
diameter  outside  bark  are  necessary  before 
any  clear  wood  results.  Trees  to  be  removed 
in  early  thinning  should  not  be  pruned.  Prun- 
ing a  few  more  than  desired  for  the  final 
crop,  to  provide  for  accidents  and  mortality, 
is  good  insurance. 

3.  Prune  only  vigorous  trees,  and  prune  them 
moderately.  Heavy  green  pruning  reduces 
growth  and  may  cause  epicormic  sprouting 
(Doolittle  1950).  But  if  pruning  reduces  live 
crown  to  not  less  than  50  percent  of  total  tree 
height  and  growing  space  is  adequate, 
growth  is  maintained  and  the  epicormic 
sprouts  soon  disappear  (Doolittle  1956). 
Stands  should  not  be  thinned  in  the  same 
year  they  are  pruned,  as  that  would  accen- 
tuate sprouting. 

4.  Market  pruned  logs  separately  under  an  ar- 
rangement that  will  provide  the  premium 
price  they  deserve. 

No  meaningful  information  is  available  on  either 
the  cost  or  benefit  of  pruning  sycamore.  In  view  of  the 
trees'  ability  to  prune  naturally,  it  appears  doubtful 
that  artificial  pruning  will  be  justified  where  markets 
exist  for  small  products,  such  as  pulpwood.  Wide  ini- 
tial spacing  accompanied  by  pruning  may  well  be 
profitable  wherever  there  is  a  good  market  for  quality 
timber  but  thinnings  cannot  be  sold. 
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Costs 

Although  cost  of  establishing  and  caring  for  syc- 
amore plantations  will  vary  with  locality,  methods, 
size  and  type  of  operation,  and  weather,  some  typical 
costs  in  the  Mississippi  Delta  are  given  below. 

Operation  Cost  per  acre 

Land  clearing:  shear,  push  and  burn, 

rake,  and  cross-disk  $65.00 

Planting: 
Seedlings,  at  $6  per  thousand  $3.00 
Machine  planting  5.00 

Total  8.00 

Cultivation:  1  -way  disking,  three  times  12.00 
Total  $85.00 

Returns  depend  on  biological  and  business  condi- 
tions, and  on  the  assumptions  and  methods  used  in 
accounting.  In  most  areas,  mixed  products  yield  much 
higher  returns  than  pulpwood  only  (McKnight  1967). 


Tree  Improvement 

Platanus  is  a  promising  genus  for  improvement 
work,  combining  a  circumglobar  range  and  a  wide 
variety  of  sites  with  good  interspecific  crossability.  It 
is  easy  to  reproduce  vegetatively  (Kormanik  and 
Brown  1966;  Larsen  1946;  Nelson  1957)  and  sexually 
(Beland  and  Jones  1967).  Current  tree  improvement 
research  includes  wood  properties,  natural  variation, 
vegetative  propagation  (Dorman  1966),  and  plus-tree 
selection,  but  no  improvements  have  been  reported 
yet. 

Well-spaced  sycamore  yields  abundant  crops  of 
fruit  at  an  early  age,  and  trees  can  be  top-pruned  for 
economical  harvest  of  the  seed.  Thus  the  species  is 
well  adapted  for  establishing  seed  orchards  of  selected 
or  improved  trees.  The  seed  orchards  should  be  repli- 
cated at  widely  separated  geographical  points,  to  in- 
sure a  regular  supply  of  seed  in  spite  of  vagaries  of 
local  weather. 
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Lob  loll  y-shortleaf  pine-hardwood  forests  provide  much  of  the 
upland  range  for  white-tailed  deer  in  the  South.  The  understory  of 
this  plant  community  consists  primarily  of  browse  growing  in 
association  with  varying  amounts  of  grasses  and  forbs.  Deer  depend 
upon  these  ranges  for  year-round  sustenance.  To  remain  healthy  and 
productive,  they  must  obtain  an  adequate  supply  of  essential 
nutrients  from  the  native  forage  or  from  seasonal  supplements 
provided  by  man. 

Since  browse  plants  are  abundant  and  a  significant  source  of 
food  throughout  the  year,  information  on  their  nutritive  content  can 
be  very  helpful  to  a  deer-management  program.  This  paper  reports 
the  results  of  chemical  analyses  of  two  different  fractions  of  current 
stem  tissues  and  the  excised  leaves  at  four  seasons  for  seven  common 
browse  species— American  beautyberry  (Callicarpa  americana  L.), 
blackgum  {Nyssa  sylvatica  Marsh.),  sweetgum  {Liquidambar 
styraciflua  L.),  common  greenbrier  (Smilax  rotundifolia  L.),  common 
sweetleaf  (Symplocos  tinctoria  (L.)  L'H6r.),  loblolly  pine  {Pinus  taeda 
L.),  and  yellow  jessamine  {Gelsemium  sempervirens  (L.)  Ait.  f.).  The 
data  presented  are  not  intended  as  a  direct  determinant  of  food  value 
but  as  indicators  of  the  relative  forage  quality  of  the  species.  Firm 
conclusions  about  nutritive  value  must  await  digestion  trials  with 
animals. 

Nutrient  composition  of  plants  is  influenced  by  many 
environmental  and  physiological  factors,  such  as  soil,  site,  climate, 


Blau  is  Associate  Ecologist  at  the  Wildlife  Habitat  and  Silviculture  Laboratory,  which  is  maintained  at  Nacogdoches, 
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Epps  is  Chief  Chemist  for  the  Feed  and  Fertilizer  Laboratory,  Louisiana  Agricultural  Experiment  Station,  located  at 
Louisiana  State  University,  Baton  Rouge. 


Sweetgum  is  a  deciduous  and  shade-tolerant  tree  of  high  commercial 
value.  Though  seedlings  and  saplings  produce  an  abundance  of 
browse,  they  are  seldom  eaten  by  deer. 


Blackgum,  a  deciduous 
and  commercially  valuable 
tree,  is  relatively  common 
in  pine-hardwood  forests. 
Leaves  and  current  twigs 
of  seedlings  and  saplings 
provide  good  deer  forage. 


American  beauty  berry,  a 
low-growing,  deciduous 
shrub,  is  abundant  in 
pine-hardwood  stands 
which  have  a  relatively 
high  canopy.  It  often 
dominates  the  low  cover 
in  a  forest  opening.  It  is 
thought  to  be  given 
medium  to  low  preference 
by  deer. 


Common  greenbrier,  a 
deciduous  and  shade- 
tolerant  woody  vine, 
abounds  in  the  under- 
story,  generally  growing 
into  the  crowns  of  low 
shrubs.  The  leaves  and 
tender  leaders  are  highly 
preferred  by  deer. 


Common  sweetleaf  or  horsesugar  is  an  evergreen  shrub  or  small  tree 
common  on  moist  sites  with  north  and  east  exposures.  Leaves  and 
current  twigs  are  highly  preferred  by  deer. 


Yellow  jessamine,  an  ever- 
green woody  vine,  often  blan- 
kets the  low  ground  cover, 
especially  in  forest  openings. 
Growth  occurs  even  during 
warm  periods  in  winter. 
Leaves  and  current  leaders 
provide  highly  preferred  deer 
forage  year  long. 


and  stage  of  tissue  maturation.  Perhaps  the  most  significant  variations 
are  associated  with  tissue  maturation  and  the  distribution  of  nutrients 
among  plant  parts.  In  the  present  study,  such  variations  were 
determined  during  2  consecutive  years,  1960  and  1961.  General 
trends  and  striking  differences  between  seasons  and  plant  parts  are 
presented  in  the  text.  Specific  chemical  contents  of  plant  fractions, 
averaged  by  season  for  the  2  years,  are  presented  in  seven  detailed 
tables  at  the  end  of  the  paper. 

Study  Area 

A  130-acre  timbered  tract  supporting  loblolly  and  shortleaf  pines 
(P.  echinata  Mill.)  mixed  with  hardwoods  was  selected  for  study.  The 
area  is  on  an  upland  site  in  central  Louisiana,  6  miles  south  of 
Winnfield  on  the  Kisatchie  National  Forest. 

The  terrain  is  extensively  dissected  and  well  drained.  It  is  typical 
of  the  Upper  Coastal  Plain.  Elevation  ranges  from  about  140  feet  to 
225  feet  above  sea  level.  Roughly  two-thirds  of  the  area  consists  of 
gentle  undulating  terrain;  steep  slopes  and  narrow  bottoms  comprise 
the  remainder. 

Soils  are  heterogeneous.  Two  closely  associated  types, 
Susquehanna  and  Sawyer  very  fine  sandy  loams,  are  predominant  on 
the  ridges  and  long  gentle  slopes.  Both  are  acid  in  reaction  and 
generally  low  in  organic  matter  and  plant  nutrients.  They  are 
characterized  by  thinly  developed  surface  soils  with  slowly  permeable 
subsoils  of  mottled  red,  gray,  and  yellow  plastic  clay. 

Erosion  has  exposed  the  heavy  clay  subsoil  on  steep  slopes. 
Surface  soil  from  the  uplands  erodes  during  periods  of  heavy  rainfall 
and  accumulates  in  narrow  bands  along  drainage  courses. 

Prevailing  southerly  winds  during  spring  and  summer  provide 
warm,  moist  weather,  which  is  interspersed  with  drier  and  hotter 
periods  {10).  Winters  are  generally  mild.  The  average  monthly 
temperature  is  50°  F.  in  January  and  83°  in  July. 

The  number  of  days  between  the  last  frost  in  spring  and  the 
first  in  autumn  averages  235.  The  last  spring  frost  was  on  March  18 
in  1960  and  on  April  16  in  1961. 

Growth  of  most  native  woody  plants  is  fastest  between 
mid-March  and  the  end  of  May.  Twig  growth  slows  or  ceases  in  early 
summer,  although  minor  additional  growth  may  occur  on  some 
species,  especially  after  summer  and  early  fall  rains  that  break 
droughts.  Long  droughts  are  infrequent.  Some  broad-leaved  evergreens 


The  soils  on  (he  area  were  surveyed  and  mapped  by  Alexander  Kerr,  Jr.,  Soil  Scientist,  USDA  Soil  Conservation  Service, 
in  cooperation  with  the  Dugdemona  Soil  Conservation  District  of  Louisiana. 


grow  sporadically  during  intermittent  warm  periods  throughout  the 
winter. 

Forty-seven  inches  of  rain  fell  in  1960,  and  75  inches  in  1961; 
57  inches  is  normal.  In  both  years,  rainfall  was  considerably  below 
normal  during  April  and  May,  the  period  of  maximum  growth.  A 
drought  extended  from  early  May  to  late  June  in  1960.  In  1961 
heavy  rains  occurred  in  February  and  March  and  again  during  the 
summer. 

Timber  stands  on  the  study  area  are  uneven-aged. 
Sawtimber-sized  loblolly  and  shortleaf  pines  dominate  the  overstory, 
and  pines  and  hardwoods  make  up  a  multilayered  and  relatively  dense 
midstory.  The  common  hardwoods  are  white  oak  (Quercus  alba  L.), 
southern  red  oak  (Q.  falcata  Michx.),  sweetgum,  blackgum,  American 
beech  (Fagus  grandifolia  Ehrh.),  hickories  (Carya  spp.),  red  maple 
(Acer  rubrum  L.),  and  American  holly  (Ilex  opaca  Ait.). 

Predominant  shrubs  and  woody  vines  in  the  understory  are 
American  beautyberry,  yellow  jessamine,  common  greenbrier,  saw 
greenbrier  (Smilax  bona-nox  L.),  common  sweetleaf,  possumhaw 
(Ilex  decidua  Walt.),  common  witch-hazel  (Hamamelis  virginiana  L.), 
haws  (Crataegus  spp.),  flowering  dogwood  (Cornus  florida  L.), 
huckleberries  (Vaccinium  spp.),  and  arrow-wood  viburnum  (Viburnum 
dentatum  L.). 

Fire  was  excluded  from  the  area  for  a  minimum  of  10  years 
prior  to  the  study.  Cattle  grazing  was  negligible  and  deer  browsing 
was  light  and  sporadic. 

PROCEDURE 

Collection  of  Samples 

Four  deciduous  browse  species— American  beautyberry, 
blackgum,  sweetgum,  and  common  greenbrier-and  three  evergreen 
species— common  sweetleaf,  loblolly  pine,  and  yellow  jessamine- 
were  selected  for  study.  Current  leaf  and  twig  tissues  of  American 
beautyberry,  blackgum,  common  greenbrier,  common  sweetleaf,  and 
yellow  jessamine  are  considered  palatable  to  deer.  Those  of  sweetgum 
and  loblolly  pine  are  regarded  as  unpalatable,  though  they  are  often 
ingested  on  over-used  ranges. 

The  study  area  was  divided  into  five  26-acre  compartments. 
Samples  of  current  growth  were  collected  from  plants  selected  at 
random  within  individual  compartments.  Only  material  up  to  5  feet 
above  ground  (the  deer  feeding  zone)  was  sampled.  It  was  usually 
necessary  to  composite  tissue  from  several  proximate  plants  of  an 
individual  species  to  obtain  a  sufficiently  large  sample  for  chemical 
analyses. 
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Material  was  collected  only  once  from  any  plant;  new  plants 
were  selected  at  each  sampling  date.  Current  growth  was  taken  from 
:hroughout  the  crown  of  each  plant.  Pine  samples  were  taken  only 
from  plants  less  than  2  feet  in  height.  From  January  1960  to  October 
1961,  plant  tissues  were  collected  near  the  middles  of  January,  April, 
(uly,  and  October,  the  approximate  midpoints  of  the  four  seasons. 
Die  exact  sampling  time  was  determined  by  the  stage  of  plant 
growth.  In  spring,  parts  were  taken  when  new  twigs  were  long  enough 
:o  yield  the  desired  tissue.  Autumn  collections  were  made 
mmediately  prior  to  leaf  abscission  on  deciduous  species. 

Three  portions  of  the  current  year's  growth— twig  tips,  twig 
Dases,  and  the  leaves  from  these  twig  fractions— were  collected  for 
:hemical  analyses.  On  shrubs  and  trees,  twig  tips  were  defined  as  the 
:erminal  2  inches  of  stems,  and  twig  bases  as  the  next  proximal  4 
nches  of  growth.  For  vines,  the  distal  1 2-inch  portion  was  segmented 
nto  4-  and  8-inch  fractions. 

Only  stems  Vi  inch  or  more  in  length  were  sampled.  When 
;urrent  shoots  were  shorter  than  6  inches  on  shrubs  and  young  trees, 
3r  12  inches  on  vines,  the  tip  fraction  was  selected  first.  The 
•emainder,  if  any,  constituted  the  basal  fraction. 

Each  sample  was  placed  in  an  airtight  plastic  container 
mmediately  after  collection  and  weighed  at  the  end  of  the  day  to 
ietermine  fresh  or  green  weight.  Containers  were  then  opened  and 
the  material  dried  to  a  constant  weight  in  a  forced-draft  oven  at  65° 
F.  and  reweighed.  Dried  samples  were  stored  in  sealed  containers  for 
:hemical  determinations  at  the  end  of  each  collecting  season. 

\nalyses 

Chemical.— MX  plant  fractions  were  analyzed  for  percents  of 
;rude  protein,  ether  extract,  crude  fiber,  nitrogen-free  extract  (by 
difference ),  ash,  phosphorus,  and  calcium  by  the  Feed  and  Fertilizer 
Laboratory,  Louisiana  Agricultural  Experiment  Station,  Baton  Rouge. 
Chemical  contents  were  determined  by  standard  Association  of 
Dfficial  Agricultural  Chemists  procedures  (i). 

Dry  matter  is  expressed  as  a  percent  of  green  weight,  and  all 
Dther  constituents  as  percentages  of  ovendry  weight.  Concentrations 
)f  chemical  constituents,  when  expressed  on  a  dry-weight  basis, 
■epresent  relative  amounts  present  in  the  dry-matter  fraction,  rather 
han  actual  quantities  in  living  tissue.  A  change  in  the  concentration 
pf  a  constituent  does  not  necessarily  indicate  that  the  living  tissue 
{ained  or  lost  a  specific  amount.  Rather,  it  indicates  that  the  nutrient 
lid  not  change  in  proportion  to  changes  in  the  dry-matter  content  or 
o    changes   in    other   chemical    constituents.    Such    interactions   are 


meaningful,  as  they  show  that  chemical  assays,  expressed  on  a 
dry-weight  basis,  do  not  accurately  depict  physiological  activities 
within  live  plants  (6).  However,  the  value  of  dry-weight  analysis  as  an 
indicator  of  forage  quality  is  not  lessened. 

Statistical.  -Analyses  of  variance  were  performed  for 
differences  in  protein,  ether  extract,  calcium,  and  phosphorus  between 
plant  fractions,  seasons,  and  years  for  individual  species.  Other 
chemical  constituents  were  not  tested  statistically.  A  factorial  design 
with  a  mixed  model  was  used  to  develop  expected  mean  squares  for 
testing  the  main  effects  and  their  interactions.  Year  and  compartment 
were  considered  random,  while  season  and  plant  part  were  fixed. 
Precise  delineation  of  interspecific  differences  was  not  an  objective  oi 
the  study,  and  such  differences  were  not  tested. 

All  differences  were  statistically  analyzed  at  the  5-percent  level 
of  probability.  The  effects  of  season  x  plant-part  interactions  were 
analyzed  by  Duncan's  Multiple  F  test  (9),  incorporating  Harter's  table 
of  critical  values  (14).  Only  the  concentrations  of  protein  and  crude 
fat  in  sweetgum  and  calcium  in  greenbrier  differed  significantly 
between  years.  These  differences  were  attributed  primarily  tc 
variations  in  the  stage  of  plant  growth  at  the  time  of  sampling. 
Hence,  the  levels  of  specific  nutrients  for  individual  plant  fractions 
and  seasons  were  averaged  for  the  2  years. 

RESULTS  AND  DISCUSSION 

As  in  previous  studies  (3,  13),  notable  changes  in  dry  matter, 
protein,  crude  fiber,  and  phosphorus  contents  were  associated  with 
stages  of  plant  growth,  as  indicated  by  season.  Results  of  analyses 
and  possible  nutritional  implications  for  deer  are  presented  separately 
for  each  chemical  constituent. 

Dry  Matter 

The  dry-matter  content  of  plant  tissue  is  closely  associated  with 
palatability  and  digestibility  (29).  While  it  may  not  be  possible  to  say 
with  certainty  how  digestibility  varies  seasonally,  it  is  safe  to  say  that 
older  and  coarser  growth  is  less  readily  digested  than  newer,  more 
succulent  and  tender  spring  growth  (2).  Some  species,  of  course,  are 
nonpalatable  to  deer  regardless  of  their  succulence. 

In  all  species,  leaves  and  stems  were  most  succulent  in  spring, 
when  plant  growth  was  most  rapid  (fig.  1).  Thereafter,  the  moisture 
content  of  all  plant  parts  declined  and  tissues  became  more  fibrous. 
Succulence  remained  low  from  summer  until  growth  resumed  the 
following  spring.  The  greatest  seasonal  variation  in  dry-matter  content 
occurred  in  the  stem  fractions. 
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Figure  {.-Seasonal  dry-matter  contents  of  plant  parts,  1960-1961. 


Except  in  spring,  leaves  were  more  succulent  than  twigs;  their 
dry-matter  content  never  exceeded  44  percent.  In  deciduous  species, 
leaves  were  generally  least  succulent  just  prior  to  abscission  irr 
autumn.  Moisture  content  was  lowest  in  evergreen  leaves  during  thei 
winter. 

American  beautyberry  had  the  greatest  seasonal  range  m 
dry-matter  content  of  twigs  from  18  percent  in  spring  to  58! 
percent  in  winter.  In  other  species,  dry-matter  content  of  stems  didi 
not  exceed  55  percent.  As  expected,  twig  moisture  generally  wasi 
lowest  in  winter,  and  most  twig  tips  were  slightly  more  succulent 
than  basal  tissues  at  all  seasons. 

Assuming  a  positive  relationship  between  forage  succulence  and 
its  palatability  and  digestibility,  leaves  and  twigs  of  preferred  species: 
were  most  palatable  and  digestible  in  the  spring.  After  tissue 
maturation,  leaves  were  a  better  source  of  succulent  forage  than: 
twigs.  When  the  dry-matter  content  of  twigs  peaked  in  winter,  thi 
leaves  of  evergreen  species  were  a  prime  source  of  relatively  succulent] 
tissue. 

Protein 

The  protein  content  of  leaves  and  twigs  of  all  species,  excepj: 
pine,  was  highest  in  spring  (fig.  2).  At  that  time,  plants  were  growinf 
most  rapidly,  and  nitrogen  was  concentrated  in  the  physiologicallj 
active  cells  in  leaves  and  in  the  meristematic  tissues  of  stems.  B| 
midsummer,  growth  slowed  or  ceased,  and  protein  content  declined' 
appreciably  in  all  plant  parts.  Levels  varied  little  after  the  summer, 
except  in  leaves  of  sweetleaf  where  protein  declined  to  its  lowest 
concentration  from  autumn  to  winter. 

An  abrupt  decline  in  protein  concurrent  with  plant  maturation 
was  also  described  by  Taber  (30)  for  the  chaparral  type  of  California. 
Others  (6,  7)  report  a  more  gradual  seasonal  diminution  of  protein. 
Since  plant  phenology  influences  nutrient  trends,  differences  in  the 
rate  of  protein  decline  among  species  growing  in  various  locales  aft 
probably  attributable  to  variations  in  growth  behavior.  On  southern 
ranges  the  growth  of  many  woody  species  (3,  13)  slows  and  ceases 
during  a  relatively  short  period  in  early  summer,  and  dry-matter  and 
fiber  contents  increase  rapidly.  Since  protein  content  is  inversely 
related  to  fiber  content,  it  declines  abruptly  as  tissues  mature. 

Seasonal  trends  in  the  protein  level  in  young  loblolly  pine  were 
not  the  same  as  those  in  other  species.  The  protein  content  of 
needles  was  highest  in  spring,  but  it  was  higher  in  winter  than  in 
summer.  Twig  tips  of  pine  contained  the  highest  percentage  of 
protein  in  winter,  next  highest  in  spring,  and  lowest  in  summer  and 
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Figure  2.— Seasonal 'protein  contents  of  plant  parts,  1960-1961. 
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fall.  There  was  little  seasonal  variation  in  the  protein  content  of  twig 
bases. 

Leaves  of  all  species  usually  contained  more  protein  than  twigs 
at  all  seasons  in  which  leaves  were  present.  Exceptions  were  leaves 
and  twig  tips  of  sweetgum,  which  contained  similar  protein  levels  in 
spring,  and  needles  and  twig  tips  of  pine,  which  contained  similar 
levels  in  winter.  High  protein  content  of  leaves  has  been  reported  in 
previous  studies  (3,  6,  16,  24).  Kramer  and  Kozlowski  (16)  attribute 
it  to  the  high  physiological  activity  of  leaves.  As  leaves  develop, 
nitrogen  moves  outward  from  the  stems.  In  deciduous  species  this 
transmovement  is  partially  reversed  prior  to  leaf  abscission,  when  a 
portion  of  the  nitrogen  moves  back  into  stem  tissues. 

Since  nitrogen  is  concentrated  in  active  meristematic  tissues,  one 
would  expect  twig  tips  to  contain  more  protein  than  the  slightly 
older  basal  fractions  during  periods  of  rapid  growth.  Twig  tips  of  all 
species  contained  significantly  more  protein  than  twig  bases  in  spring. 
At  other  seasons  there  was  usually  little  difference  in  the  content  I 
between  twig  fractions.  Exceptions  were  loblolly  pine  and  sweetleaf,  J 
whose  twig  tips  contained  more  protein  than  basal  fractions  at  all 
seasons. 

A  browsing  or  grazing  animal  requires  specific  quantities  of 
nutrients  to  maintain  body  processes  and  normal  muscular  activity 
without  weight  loss  (11,  28).  The  body  must  be  supplied  with 
protein  for  building  and  repairing  tissue,  fats  and  carbohydrates  for 
producing  heat  and  energy,  and  minerals,  especially  calcium  and 
phosphorus,  for  building  bone  and  carrying  on  numerous  body 
functions.  Only  after  this  maintenance  requirement  is  met  can  growth 
and  fattening  take  place.  Since  the  nutrient  requirements  of  deer  on 
southern  ranges  have  not  been  determined,  they  must  be  extrapolated 
from  research  findings  elsewhere.  Nutrient  needs  obviously  vary 
according  to  the  physiological  demands  of  individual  animals  and 
their  digestive  efficiency  at  different  seasons. 

The  protein  requirement  for  optimal  growth  of  young  deer 
appears  to  be  about  13  to  16  percent  of  the  daily  dry-matter  intake 
(11,  20).  About  7  percent  is  needed  for  maintenance.  Feeding  trials 
(19)  have  indicated  that  mature  bucks  require  less  protein,  calcium, 
and  phosphorus  for  body  growth  and  antler  development  than  young, 
vigorously  growing  deer. 

Among  the  three  plant  parts  and  seven  species  studied,  only 
leaves  and  twig  tips  of  American  beautyberry  and  leaves  of  greenbrier 
and  sweetleaf  contained  the  13  percent  protein  required  for  growth, 
and  then  only  in  spring.  Leaf  tissue  contained  maintenance  levels  of 
protein  in  all  seasons  in  which  leaves  were  present.  Twig  tips  of  most 
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species  contained  sufficient  protein  for  maintenance  only  in  spring. 

Twig  bases  were  a  poor  source  of  protein.  Those  of  American 
beautyberry,  sweetgum,  greenbrier,  sweetleaf,  and  yellow  jessamine 
exceeded  the  maintenance  level  in  spring;  those  of  blackgum  and  pine 
were  always  below  it. 

Low  protein  contents  of  twigs,  even  during  spring,  have 
previously  been  reported  both  in  the  South  (3,  5,  17,  18)  and 
elsewhere  (6,  7,  15,  26,  27).  Since  leaves  are  the  best  source  of 
protein,  the  broad-leaved  evergreens  are  particularly  important  during 
winter,  when  quality  of  other  forage  is  low.  Deer  undoubtedly  feed 
3n  other  plants  higher  in  protein  than  the  ones  studied,  such  as 
lerbaceous  legumes,  and  thereby  compensate  for  the  low  levels  in 
many  browse  species. 

Ether  Extract 

Seasonal  trends  in  ether  extract  or  crude  fat  were  erratic  (fig.  3). 
Except  in  pine,  plant  tissues,  especially  twigs,  were  relatively  low  in 
fat  content.  A  sizable  proportion  of  the  ether  extractable  material  in 
pine  tissues  undoubtedly  consisted  of  resins  and  oils. 

Ether  extract  in  leaf  tissues  of  most  species  tended  to  increase 
slowly  with  seasonal  progression.  Consequently,  leaves  of  deciduous 
species,  except  sweetgum,  contained  significantly  more  fat  in  autumn, 
and  leaves  of  evergreen  species  contained  more  in  autumn  and  winter, 
than  in  the  spring.  The  percentage  of  fat  in  sweetgum  leaves  varied 
little  over  the  year. 

Seasonal  changes  in  crude-fat  contents  of  twigs  of  deciduous 
species  were  small.  Twig  tips  of  the  evergreen  yellow  jessamine  had 
the  highest  fat  levels  in  spring,  while  twigs  of  young  pine  contained 
the  most  fat  in  winter.  Other  seasonal  variations  in  evergreens  were 
minor. 

Leaves  of  all  species  except  sweetgum,  blackgum,  and  loblolly 
pine  usually  contained  considerably  more  crude  fat  than  did  twigs. 
Twigs  and  leaves  of  sweetgum  had  similar  fat  contents  in  all  seasons, 
and  blackgum  leaves  contained  more  than  twigs  only  in  the  fall.  Twig 
tips  of  pine  frequently  contained  as  much  or  more  ether  extract  than 
needles  or  twig  bases. 

The  terminal  and  basal  segments  of  twigs  from  other  species 
generally  contained  similar  percentages  of  crude  fat  throughout  the 
year. 

Crude  fat  is  an  important  energy  source  for  deer.  While  a  precise 
dietary  requirement  has  not  been  determined,  the  animals  seldom 
appear  to  lack  this  constituent  in  their  diet.  Leaves  tended  to  be  a 
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Figure  3.— Seasonal  ether-extract  contents  of  plant  parts,  1960-1961. 
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Jtter  source  of  crude  fat  than  twigs,  especially  in  summer  and 
itumn,  when  deer  are  storing  body  fat.  Similar  findings  were 
ported  by  Cook  and  Harris  (6)  for  browse  species  in  Utah. 

rude  Fiber 

Crude  fiber  was  lowest  in  twigs  during  spring,  when  plants  were 
icculent  and  growing  vigorously  (fig.  4).  It  increased  substantially  by 
idsummer  after  growth  had  virtually  ceased  and  remained  high  the 
st  of  the  year. 

Moderate  declines  in  the  percentage  of  crude  fiber  in  twigs,  after 

summer    or    fall    peak,    can   be   attributed    to   variations   in    other 

lemical  constituents  of  dry  matter.  In  living  twig  tissues,  crude  fiber 

;tually  increased  gradually  from  summer  to  winter.  With  crude  fiber 

cpressed  as  a  percent  of  the  dry  matter,  however,  seasonal  declines 

mature  tissues  are  common  (8,  15,  17,  27). 

The  crude-fiber  content  of  leaves  changed  little  during  the  year. 

Except  in  pine  in  the  spring,  leaves  of  all  species  were  less 
brous  than  twigs.  Twig  tips  were  less  fibrous  than  twig  bases. 

Since  forages  high  in  fiber  are  less  digestible  and,  therefore,  less 
atritious  than  those  lower  in  fiber  (23,  25,  32),  leaves  were  more 
atritious  than  twigs,  and  twig  tips  were  superior  to  twig  bases.  On 
>uthern  ranges,  the  leaves  of  many  broad-leaved  evergreens  are 
robably  particularly  valuable  deer  food  in  late  fall  and  winter,  since 
Ley  appear  to  be  relatively  low  in  fiber  and  to  provide  a  fair  source 
f  protein  in  comparison  with  twigs  of  either  deciduous  or  evergreen 
>ecies. 

itrogen-Free  Extract 

Nitrogen-free  extract  (NFE)  includes  the  readily  digestible 
irbohydrates  in  plant  tissue,  as  well  as  some  indigestible  lignin  (31). 
aluble  carbohydrates  are  a  readily  available  source  of  energy. 

Seasonal    trends    in    the    NFE    content    of   plant    tissues    were 
>mewhat  erratic  (fig.  5).  As  growth  matured,  the  percentage  of  NFE 
creased     appreciably     in     leaves     of    American    beautyberry    and 
eetleaf  but  only  slightly,  or  not  at  all,  in  other  species. 

The  NFE  content  of  both  twig  fractions  of  sweetgum,  blackgum, 

eenbrier,    and    pine    was    slightly    higher    in    spring   than   at   other 

sons.  In  contrast,  mature  twigs  of  American  beautyberry,  yellow 

ssamine,  and  sweetleaf  generally  contained  considerably  more  NFE 

an  spring  tissues. 

Except  for  pine  needles  in  spring,  leaves  usually  contained  a 
:gher  percentage  of  NFE  than  twigs.  Twig  tips  generally  had  higher 
ivels  than  twig  bases. 
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Twigs  of  deciduous  and  evergreen  species  provided  comparable 
amounts  of  NFE  during  autumn  and  winter.  Because  of  the  presence 
of  leaves,  however,  the  broad-leaved  evergreens  were  a  better  source 
of  soluble  carbohydrates  in  late  fall  and  winter. 

Ash 

In  leaves,  mineral  content  varied  erratically  by  species,  season, 
and  year  (fig.  6).  For  example,  in  1960  the  ash  content  of  American 
beautyberry  leaves  was  lowest  in  the  spring  and  highest  in  the  fall, 
while  in  1961  the  opposite  was  true. 

Trends  in  twig  tissues  were  considerably  more  orderly.  The 
percentage  of  ash  in  twigs  of  all  species  was  highest  in  spring,  and 
declined  sharply  as  stems  matured.  Ash  levels  fluctuated  little  from 
summer  to  winter,  except  in  sweetgum  twigs,  which  contained  the 
least  in  summer. 

Leaves  of  American  beautyberry,  sweetgum,  and  blackgum 
contained  less  ash  than  twigs  in  the  spring,  but  leaves  contained  more 
at  other  seasons.  In  the  remaining  species,  leaves  generally  had  asi 
much,  and  usually  more,  mineral  than  twigs  in  all  seasons.  Twig  tips 
seasonally  contained  more  ash  than  twig  bases. 

High  ash  content  of  forages  is  very  important  to  deer,  especially 
in  skeletal  formation  and  for  well-developed  and  hardened  antlers  on 
bucks  (8).  As  tissues  matured,  leaves  of  all  species  but  pine  were, 
generally  a  better  source  of  minerals  than  twigs. 

Calcium 

The  percentage  of  calcium  in  leaves  of  all  species,  except  pine, 
increased  significantly  from  spring  to  summer  (fig.  7).  In  American 
beautyberry  and  yellow  jessamine,  this  increase  continued  as  the  yean 
progressed;  in  other  species  the  content  varied  little  following  growth 
maturation.  With  growth  extending  well  into  summer  for  young* 
loblolly  pine,  calcium  in  needles  varied  little  from  spring  to  autumn; 
the  level  did  increase  in  late  autumn  or  winter. 

Calcium  trends  in  twig  tips  were  generally  similar  to  those  in 
leaves.  In  sweetgum,  blackgum,  yellow  jessamine,  and  sweetleaf,  the 
percentage  of  calcium  increased  as  twigs  matured,  and  levels  tended 
to  be  highest  in  autumn  and  winter.  Variations  between  seasons  were 
small  for  American  beautyberry,  greenbrier,  and  pine.  The  only 
significant  seasonal  differences  in  percentage  of  calcium  in  twig  bases 
were  in  the  evergreen  species,  where  fall  and  winter  levels  were 
generally  higher  than  those  of  spring. 

Differences  in  seasonal  distribution  of  calcium  among  plant 
fractions    varied    considerably.     Leaves    of    American    beautyberry, 
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Figure  1  .Seasonal  calcium  contents  of  plant  parts,  1960-1961. 
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reenbrier,  and  yellow  jessamine  contained  more  than  twigs  at  all 
easons  in  which  leaves  were  present.  Those  of  sweetgum,  blackgum, 
nd  sweetleaf  tended  to  contain  less  calcium  than  twigs,  and 
specially  twig  tips.  Seasonal  levels  differed  little  among  the  plant 
ractions  of  pine. 

Twig  tips  of  sweetgum,  blackgum,  yellow  jessamine,  and 
weetleaf  generally  contained  more  calcium  at  all  seasons  than  the 
lightly  older  and  more  fibrous  twig  bases.  Levels  did  not  vary  by 
eason  between  stem  fractions  of  American  beautyberry,  greenbrier, 
»r  loblolly  pine. 

Calcium  is  required  by  deer  for  skeletal  and  antler  development. 
Metary  requirements  are  not  well  known,  but  feeding  trials  (20)  have 
ndicated  that  the  daily  calcium  requirement  for  optimum  deer 
;rowth  is  about  0.64  percent  of  the  ingested  dry  matter.  About  0.25 
o  0.30  percent  appears  to  be  the  minimum  for  animal  maintenance. 

Southern  range  plants  apparently  are  seldom  deficient  in 
alcium.  Leaves  and  twigs,  and  especially  twig  tips,  of  American 
>eautyberry,  sweetgum,  blackgum,  and  sweetleaf,  as  well  as  the  leaves 
)f  greenbrier,  generally  provided  sufficient  calcium  at  all  seasons  for 
leer  growth.  Maintenance  requirements  were  met  in  all  seasons  by 
'ellow  jessamine  leaves.  The  twig  tips  of  this  species  and  those  of 
;reenbrier  contained  maintenance  levels  from  summer  to  winter.  All 
)ine  tissues  and  the  twig  bases  of  greenbrier  and  yellow  jessamine 
vere  the  poorest  sources  of  dietary  calcium;  they  generally  provided 
naintenance  levels  only  in  autumn  and  winter. 

*hosphorus 

Seasonal  trends  in  the  phosphorus  content  of  all  species  were 
imilar  and  appeared  to  be  closely  associated  with  plant  growth  (13). 
iigh  levels  in  spring  dropped  appreciably  with  the  cessation  of 
growth.  Similar  findings  have  previously  been  reported  (3).  Like 
>rotein,  phosphorus  tends  to  accumulate  in  actively  growing  tissues, 
vith  considerable  transmovement  from  twigs  into  newly  developing 
eaves.  A  portion  of  the  phosphorus  moves  back  into  the  twigs  as  leaf 
issues  become  senescent  (16). 

The  percentage  of  phosphorus  was  highest  in  the  spring  in  all 
issues  of  all  species  except  pine,  whose  twig  tips  contained  the  most 
n  the  winter  (fig.  8).  With  growth  maturation,  levels  declined 
jharply,  and  the  content  generally  varied  little  thereafter  in  leaves  and 
terns  of  American  beautyberry,  sweetgum,  and  greenbrier,  and  in 
'wigs  of  blackgum  and  yellow  jessamine.  In  leaves  of  blackgum  and 
fellow  jessamine  and  in  leaves  and  twigs  of  pine  and  sweetleaf, 
phosphorus  content  usually  reached  a  low  in  midsummer,  after  which 
f  increased  significantly. 
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Figure  %.— Seasonal  phosphorus  contents  of  plant  parts,  1960-1961. 


22 


In  the  spring,  twig  tips  of  most  species  provided  more 
phosphorus  than  leaves,  and  leaves  provided  more  than  twig  bases. 
With  growth  maturation,  leaves  generally  contained  about  as  much, 
and  often  more,  phosphorus  than  twigs,  especially  twig  bases. 

Twig  tips  of  evergreens  were  a  better  source  of  phosphorus  than 
twig  bases  at  all  seasons,  but  in  deciduous  species,  tips  were  superior 
to  bases  only  in  the  spring. 

Dietary  phosphorus  is  extremely  important  to  deer.  It  is 
essential  for  bone  development,  growth,  reproduction,  and  lactation. 

The  dietary  requirements  for  deer,  while  not  precisely  known, 
appear  to  be  about  0.56  percent  of  the  daily  dry- matter  intake  for 
optimum  growth,  and  about  0.25  to  0.30  percent  for  maintenance 
(20). 

All  species  in  the  present  study  were  low  in  phosphorus,  which 
is  characteristic  of  southern  forages  (3,  4,  5,  12,  18).  Values  of 
0.5  6- percent  phosphorus  were  never  provided  by  either  leaves  or 
twigs.  Only  in  spring  did  leaves  and  twig  tips  of  American 
beautyberry  and  twig  tips  of  sweetgum  provide  enough  for  deer 
maintenance. 

Calcium-Phosphorus  Ratio 

Calcium  and  phosphorus  utilization  appear  to  be  closely 
interrelated  (20).  A  deficiency  of  one  mineral  seems  to  be  better 
tolerated  if  the  other  is  present  in  adequate  amounts.  Phosphorus, 
however,  is  assimilated  at  a  reduced  rate  when  it  occurs  in  the 
presence  of  large  amounts  of  calcium  or  vice  versa  (2,  21,  27,  28, 
29).  Hence,  the  ratio  of  calcium  to  phosphorus  in  feeds  is  significant. 
For  livestock  forage,  the  most  desirable  ratio  is  from  2:1  to  1:2. 

Importance  of  the  Ca:P  ratio  is  reduced  and  efficiency  of 
utilization  of  the  elements  is  increased  by  the  presence  of  sufficient 
vitamin  D  (21).  A  ratio  higher  than  2:1  can,  therefore,  be  tolerated 
without  ill  effects.  According  to  Mitchell  and  McClure  (22),  a  ratio  as 
high  as  5.5:1  may  be  acceptable.  Biswell  et  al.  (2)  concluded  that  the 
ratio  probably  never  gets  out  of  proportion  for  cattle  exposed  to 
abundant  sunshine  for  vitamin  D  production. 

In  the  present  data  the  Ca:P  ratios  were  generally  lower  in 
spring  than  at  other  seasons.  In  spring,  ratios  in  leaves  ranged  from 
1.3:1  for  pine  to  5.3:1  for  greenbrier.  In  twig  tips  they  varied  from 
.1.4:1  in  yellow  jessamine  to  5.0:1  in  sweetgum.  In  basal  twigs,  the 
ratio  ranged  from  1.3:1  in  greenbrier  to  8.6:1  in  sweetgum. 

After  tissue  maturation,  Ca:P  ratios  usually  widened 
considerably  and  varied  little  seasonally  from  summer  to  winter. 
During  this  period,   the  most  favorable  ratio  in  leaves,  2.3:1,  was  in 
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pine  needles.  The  most  unfavorable  was  in  leaves  of  greenbrier  in 
summer— 15.7: 1 .  Ratios  in  twigs  ranged  from  2.2:1  in  summer  tips 
of  pine  stems  to  29.5:1  in  stem  bases  of  sweetgum. 

Ca:P  ratios  in  twig  tips  tended  to  be  slightly  more  desirable  than 
those  in  leaves  at  all  seasons.  Those  of  twig  bases  were  generally  the 
least  desirable. 

SUMMARY 

Most  changes  in  chemical  makeup  of  the  seven  species  were 
associated  with  tissue  growth  and  maturation.  In  spring,  leaves  and 
twigs  were  most  succulent,  and  their  dry-matter  fraction  was  highest 
in  protein,  ash,  and  phosphorus,  and  lowest  in  crude  fiber.  By 
midsummer,  contents  of  moisture,  protein,  ash,  and  phosphorus  had 
declined  appreciably,  while  crude-fiber  content  increased.  Tissues, 
especially  twigs,  remained  fibrous,  and  nutrient  levels  usually  varied 
little  from  summer  through  winter.  The  ether-extract  content  was  low 
and  fluctuated  little  seasonally.  Nitrogen-free  extract  and  calcium 
levels  fluctuated  sporadically  and  varied  considerably  by  species. 
Calcium  content  tended  to  increase  as  tissues  matured. 

Over  most  of  the  year,  leaf  tissues  were  more  succulent,  higher 
in  protein,  crude  fat,  NFE,  ash,  calcium,  and  phosphorus,  and 
considerably  lower  in  crude  fiber  than  twigs.  The  superior  nutrient 
quality  of  leaves  emphasizes  the  importance  of  broad-leaved 
evergreens  on  southern  deer  ranges.  Leaves  of  these  species  are  more 
nutritious  than  fibrous  twigs  in  late  fall  and  winter,  when  the  quality 
of  other  forage  is  relatively  low.  Twig  tips  contained  a  higher 
percentage  of  nutrients  than  slightly  older  portions  of  stems. 

Although  the  nutritional  requirements  of  southern  deer  are 
unknown,  it  appeared  that  sufficient  protein  for  animal  maintenance, 
and  in  some  instances  for  body  growth,  was  present  in  leaves  and 
twigs  in  spring.  After  tissues  matured  in  early  summer,  only  leaves 
contained  protein  levels  believed  necessary  for  deer  maintenance. 
Calcium  appeared  to  be  adequate  in  most  plant  parts  and  species  at 
all  seasons.  Phosphorus  was  generally  deficient  throughout  the  year. 
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Abstract 


Specimens  of  early  wood  and  latewood 
of  Pinus  taeda  L.  were  excised  so  that 
length  along  the  grain  was  3  inches  and 
thickness  was  0.1  inch.  These  specimens 
were  cut  orthogonally  as  with  a  carpen- 
ter's plane— in  the  three  major  directions. 
Cutting  velocity  was  2  inches  per  minute. 

When  cutting  was  in  the  planing 
(90-0)  direction,  thin  chips,  intermediate  to 
high  moisture  content,  rake  angles  of  5  and 
15°  favored  formation  of  the  Franz  Type  II 
chip  and  accompanying  good  surfaces. 

In  the  0-90  direction,  a  knife  with  70° 
rake  angle  cut  the  best  veneer;  wood  cut 
saturated  yielded  the  highest  proportion  of 


continuous  veneer,  although  saturated  ear- 
ly wood  developed  some  compression  tear- 
ing. 

When  cutting  was  across  the  grain 
(90-90  direction),  McKenzie  Type  I  chips 
were  formed  and  the  best  surfaces  were 
achieved  with  a  knife  having  45° rake  angle 
cutting  saturated  wood;  earlywood  was 
more  difficult  to  surface  smoothly  than 
latewood. 

For  each  cutting  direction,  regression 
equations  were  developed  to  state  average 
cutting  forces  (normal  and  parallel)  in 
terms  of  rake  angle,  depth  of  cut,  specific 
gravity,  and  moisture  content. 


Tool  Forces  and  Chip  Formation  in  Orthogonal 
Cutting  of  Loblolly  Pine 


The  objective  of  the  study  reported  in  this 
iper  was  to  determine  chip  types  and  tool 
irces  typical  of  loblolly  pine  earlywood  and 
tewood  machined  orthogonally. 

Orthogonal  cutting  is  the  machining  pro- 
ss  in  which  the  cutting  edge  is  perpendicular 

the  relative  motion  of  tool  and  workpiece. 
le  surface  generated  is  a  plane  parallel  to  the 
iginal  work  surface.  A  carpenter's  plane  cuts 
thogonally,  as  does  a  bandsaw.  Rotary  peeling 

veneer  approximates  orthogonal  cutting.  A 
o-number  notation  used  by  McKenzie  (1961) 
useful  in  describing  the  machining  situation 


:  I.— Designation  of  the  three  major  machining 
directions.  The  first  number  is  the  angle  the 
cutting  edge  makes  with  the  grain;  the 
second  is  the  angle  between  cutter 
movement  and  grain. 


The  world  literature  on  orthogonal  cutting 
is  digested  in  Koch's  (1964)  text  and  in  the 
wood-machining  reviews  by  Koch  and  McMillin 
(1966a,  1966b)  and  Koch  (1968).  The  only  data 
specific  to  southern  pine  are  from  studies  of 
veneer  cutting.  Considerable  information  on  this 
topic  has  been  issued  by  the  USDA  Forest 
Products  Laboratory  (Lutz  1964,  1967;  Lutz  et 
al.  1962,  1966,  1967,  1969;  Lutz  and  Patzer 
1966;  Peters  et  al.  1969).  Cade  and  Choong 
(1969)  also  have  investigated  the  rotary  peeling 
of  southern  pine  venner. 


SCOPE 


Because  of  wide  latewood  bands,  the  wood 
of  loblolly  pine  alternately  displays  the  machin- 
ing characteristics  of  two  distinct  materials,  i.e., 
earlywood  and  latewood.  For  this  reason,  and 
also  because  of  the  difficulty  in  collecting 
wholewood  specimens  statistically  representative 
of  the  entire  species,  wood  of  each  cell  type  was 
studied  separately.  Interpolation  of  data  be- 
tween these  extremes  should  permit  estimation 
of  cutting  forces  in  southern  pine  of  intermedi- 
ate densities,  though  it  should  be  recognized 
that  small  excised  specimens  of  earlywood  and 
latewood  may  machine  differently  than  the 
same  wood  interlayered  in  situ. 

For  each  of  the  three  primary  directions 
(fig.  1),  chip  formation  was  studied  and  photo- 
graphed; cutting  forces  were  recorded  at  a 
variety  of  rake  angles,  depths  of  cut,  and 
moisture  contents.  Cutting  speed  was  constant 
at  2  inches  per  minute.  The  main  study  was 
factorial  with  five  factors: 


Cutting  direction 

90-0  (planing) 

0-90  (veneer  direction) 

90-90  (crosscut) 

Rake  angle 

(clearance  angle  constant  at  15°) 

25° 
35° 

Depth  of  cut  (inch) 

0.015 
.030 
.045 
.060 


Table  1.  Number  of  observations  for  various  cutting 

directions 


Cutting 

Cell 

Rake 

Depth 

Moisture 

Repli- 

direction 

types 

angle 

of  cut 

content 

cation 

Total 

0-90 

2        4          4 

3 

5 

480 

90-90 

2        3           4 

3 

5 

360 

90-0 

2         4           4 

3 

5 

480 
1,320 

Figure  2  illustrates  nomenclature  of  orthog 
onal  cutting. 


PROCEDURE 


Moisture  content  (percent) 

7 

15.5 
Saturated 

Type  of  cell 

Earlywood 

Latewood 

Replications:    5 

Because  the  practical  range  of  rake  angles 
differs  for  each  cutting  direction,  some  addition- 
al knives  were  studied: 


In  the  veneer  direction 
(0-90)  a  special  veneer  knife  with 
70°  rake  angle  (20°  sharpness 
angle  and  no  clearance  angle)  was 
used  in  addition  to  knives  with 
25,  35,  and  45°  rakes.  Other 
factors  remained  the  same. 

In  the  crosscut  direction 
(90-90)  a  knife  with  45°  rake 
angle  and  15°  clearance  angle  was 
added. 

In  the  planing  direction 
(90-0)  knives  with  rake  angles  of 
5  and  15°  were  added. 


In  all,  1,320  observations  v/ere  made,  of 
which  720  were  in  the  main  experiment  (table 
1). 


Material  was  obtained  from  loblolly  pin 
trees  cut  near  Effie,  Louisiana,  by  the  Roy  0 
Martin  Lumber  Company.  Cross-sectional  disk, 
measuring  approximately  4  inches  along  til 
grain  were  taken  from  logs  exhibiting  fa! 
growth  and  wide  bands  of  latewood.  As  an  ai 
to  specimen  preparation,  sampling  was  limitei 
to  logs  at  least  15  inches  in  diameter.  Compreu 
sion  wood  and  wood  below  breast  height  in  til 
standing  tree  were  avoided.  The  disks  wei 
coated  with  antistain  chemical  and  conditional 
to  9-percent  equilibrium  moisture  content. 

Specimens  .-Each  disk  was  split  into  blocl 
containing  the  band  of  earlywood  or  latewoc 
to  be  used.  The  identity  of  each  growth  ring  w 
maintained.  The  bark  and  all  wood  between  tl 
bark  and  the  selected  growth  ring  were  removi 
with  a  hand  ax  and  chisel  to  expose  a  tangent! 
surface.  After  trimming,  each  piece  was  plao 
against  a  belt  sander  for  light  sanding.  T; 
resulting  flat  reference  surface  aided  in  machi 
ing  a  rectangular  block  with  the  growth  ri 
(earlywood  or  latewood)  exposed  on  one  si 
(fig.  3).  Since  the  block  had  been  split  off  t 
disk,  it  was  relatively  simple  to  make  specime 
with  the  grain  parallel  to  the  sides. 


From  the  master  blocks  it  was  possible 
prepare  specimens  for  all  cutting  directions.  1 
veneer  cutting,  wafers  approximately  0.1  -ii 
wide  were  crosscut  (fig.  4,  0-90).  For  the  plan 
and  crosscutting  directions,  specimens  0.1  -ii 
wide  were  prepared  by  ripping  the  earlywood 
latewood  band  off  the  rectangular  block.  Sp 
mens  were  brought  to  equilibrium  moist 
content. 


ire  2. -Nomenclature  in  orthogonal  cutting. 

a        Rake  angle:  angle  between  the  tool  face  and  a  plane  perpendicular  to  the  direction 

of  tool  travel. 
3        Sharpness  angle:  angle  between  the  tool  face  and  back. 
Y     -  Clearance  angle:  angle  between  the  back  of  the  tool  and  the  work  surface  behind 

the  tool. 
t      -  Thickness  of  chip  before  removal  from  the  workpiece. 
w  -   Width  of  undeformed  chip. 
Fn—  Normal  tool  force:  force  component  acting  perpendicular  to  parallel  tool  force  and 

perpendicular  to  the  surface  generated. 
Fp—  Parallel  tool  force:  force  component  acting  parallel  to  tool  motion  in  workpiece, 

i.e.,  parallel  to  cut  surface. 
R  -  Resultant  tool  force:  the  resultant  of  normal  and  parallel  tool  force  components. 
P    —  Angle  of  tool  force  resultant:  the  angle  whose  tangent  is  equal  to  the  normal  tool 

force  divided  by  the  parallel  tool  force. 
F    -  Friction  force:  force  component  acting  along  the  interface  between  tool  and  chip. 
N  -  Normal  to  the  friction  force:  force  component  acting  normal  to  tool  face. 
X  —  Angle  between  resultant  tool  force  and  the  normal  frictional  force;   the  angle  whose 

tangent  is  equal  to  the  friction  force  divided  by  the  normal  friction  force. 


0-90 


ire  3.    Sketch  of  master  block,  showing  how  speci- 
mens were  prepared. 


Figure  4.  -Specimens  for  orthogonal  cutting. 


All  specimens  for  a  given  replication  came 
from  the  same  growth  ring  and  were  considered 
matched,  even  though  they  sometimes  were 
from  opposite  sides  of  the  disk.  There  were  five 
replications;  therefore  wood  from  five  different 
rings  was  studied. 

Specific  gravity -on  the  basis  of  ovendry 
weight  and  ovendry  volume— was  determined  on 
six  specimens  randomly  selected  from  each 
replication.  Thus  there  were  30  determinations 
for  late  wood  and  30  for  early  wood.  A  mercury 
volumeter  was  used  for  measuring  the  ovendry 
volume. 

Dynamometer. —A  two-component  tool 
dynamometer  (Franz  1958)  was  used  (fig.  5)  to 
measure  cutting  forces.  The  parallel  and  normal 
forces  were  simultaneously  and  continuously 
recorded  on  a  two-channel  recorder.  Pen  deflec- 
tions on  the  recorder  were  calibrated  by  hanging 
known  weights  on  the  dynamometer-mounted 
tool  point. 


STRAIN  GAGES 


TOOL  BIT 

Figure  5. -Sketch  of  two-component  tool  dynamometer. 


Cutting  forces  parallel  to  the  surface  (Fp) 
were  always  positive.  The  average  force  and  the 
maximum  peak  force  were  recorded  for  each 
run.  The  average  force  was  determined  by 
making  areas  above  and  below  the  average  line 
equal. 

Cutting  forces  normal  to  the  surface  (Fn) 
were  sometimes  positive  (the  knife  forced  the 
workpiece  away)  and  sometimes  negative  (the 
knife  tended  to  lift  the  workpiece).  The  average, 


minimum,  and  maximum  were  recorded  with 
appropriate  algebraic  sign;  for  example,  the 
minimum  force  might  have  been  -5  pounds,  the 
maximum  — 1  pound,  and  the  average  (based  on 
areas)  intermediate. 

Width  of  each  specimen  was  measured  with 
a  micrometer  so  that  cutting  forces  could  be 
adjusted  to  a  standard  0.1 -inch  width  of  cut.  It 
is  well  established  that  cutting  force  is  directly 
proportional  to  width  of  cut. 

Cutting  procedures.- Five  cutters  had  rake 
angles  of  5,  15,  25,  35,  and  45°  (with  clearance 
angle  constant  at  15°).  A  sixth  knife,  used  only 
when  cutting  veneer,  had  a  rake  angle  of  70<9 
with  zero  clearance  angle.  The  face  of  each  bit 
was  approximately  5/16-inch  square;  grinding 
marks  were  perpendicular  to  the  cutting  edge.; 
Edges  were  examined  under  a  microscope  tot 
make  sure  nicks  were  absent. 

The  dynamometer  was  mounted  in  a  fixi 
ture  bolted  to  the  bed  plate  of  an  Instron  testing 
machine.  The  workpiece  holder  was  carried  in* 
swivel-mounted  traversing  vise  attached  to  th(h 
crossarm  of  the  Instron.  The  traversing  vise  waj 
adjusted  for  each  depth  of  cut.  Crosshead  trave/i 
determined  cutting  speed,  which  was  held  coin 
stant  at  2  inches  per  minute. 

Humidity  in  the  testing  room  was  can 
trolled  to  give  an  equilibrium  moisture  contei- 
of  either  7  or  15.5  percent.  The  saturate 
specimens  were  kept  wetted  during  test. 


i 

il 


i 


Specimens  were  machined  in  random  ord< 
Cutting  procedure  varied.  In  the  veneer-cutti 
direction  a  smoothing  cut  was  first  made  wi 
the  knife  having  a  70° rake  angle,  after  which  l| 
most  cases)  a  single  cut  was  taken  for  record;  t 
specimen    was    then    discarded.    For    90-0, 
smoothing  cut  was  made  in  the  planing  directi) 
before    the    initial    cut— and,    when    roughnr 
made  it  necessary,  before  each  succeeding  cuti; 
the   series  of  four  depths;  cuts  were   made  P* 
sequence  from  0.015  to  0.060  inch.  In  the  90- L 
direction  an  initial  smoothing  cut  was  unnecfl 
sary,  as  the  sawn  end  of  the  block  was  su| 
ciently  smooth;  after  each  cut,  the  surface  \ 
trimmed  smooth  again. 

Chip    formation    was    viewed    through 
microscope  at  30X    magnification.   Represeil 
tive  chips  were  photographed. 


Average  specific  gravity,  as  determined 
rom  ovendry  weight  and  ovendry  volume,  was 
ound  to  be: 


Average 

Range 

Standard  deviation 


Earlywood  Latewood 
0.34  0.85 

0.29-0.42  0.77-0.96 
0.036  0.046 


PARALLEL  TO  GRAIN: 
90-0  DIRECTION 

As  recorded  by  Koch  (1955,  p.  261 ;  1956, 
.  397)  and  enumerated  by  Franz  (1958),  three 
asic  chip  types  are  observable  when  wood  is 
lachined  parallel  to  the  grain  in  the  90-0 
irection. 

Type  1  chips  are  formed  when  cutting 
onditions  are  such  that  the  wood  splits  ahead 
f  the  tool  by  cleavage  until  it  fails  in  bending  as 
cantilever  beam,  as  illustrated  in  figure  6a. 
lachining  of  saturated  specimens  of  both  early- 
/ood  and  latewood,  however,  somtimes  results 


in  a  peeling  action  rather  than  an  abrupt 
breaking  (fig.  6b).  Factors  leading  to  formation 
of  Type  I  chips  are: 

Low  resistance  in  cleavage 
in  combination  with  high  stiff- 
ness and  strength  in  bending. 

Deep  cuts  (Type  I  chips  can 
form  with  any  depth  of  cut, 
depending  on  the  other  factors) 

Large  rake  angles  (25°  and 
more) 

Low  coefficient  of  friction 
between  chip  and  tool  face 

Low  moisture  content  in 
the  wood. 

The  Type  I  chip  leaves  a  surface  that 
exhibits  chipped  grain,  i.e.,  the  splitting  that 
occurs  ahead  of  the  cutting  edge  frequently  runs 
below  the  plane  generated  by  the  path  of  the 
cutting  edge.  The  amount  of  roughness  depends 
upon  the  depth  to  which  the  cleavage  runs  into 
the  wood.  Power  consumed  by  a  knife  forming 


Figure  6. -Franz  Type  I  chips  from  0.045-inch  cuts  in  90-0  direction,  25° 
rake  angle.  A:  In  loblolly  pine  earlywood  at  7-percent  moisture  content. 
B:  In  saturated  loblolly  pine  latewood. 


Type  I  chips  is  low,  because  wood  fails  relatively 
easily  in  tension  perpendicular  to  the  grain,  and 
the  knife  severs  few  fibers.  Because  it  is  seldom 
cutting,  the  knife  edge  dulls  slowly. 


With  rake  angles  of  25  and  35°  the  normal 
cutting  force  (Fn)  was  negative  at  all  depths  of 
cut  for  all  moisture  contents  (fig.  7),  and  Type  I 
chips  were  formed. 


Fp,  PARALLEL     FORCE    (POUNDS    PER    0.1-INCH    OF    KNIFE) 
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Figure  7. -Effect  of  depth  of  cut,  rake  angle,  and  moisture  content  on  average  cutting 
forces  for  early  wood  and  latewood  of  southern  pine;  90-0  cutting  direction, 
orthogonal,  15°  clearance  angle,  2  inches  per  minute  cutting  velocity. 


Type  II  chips  occur  under  certain  condi- 
ions;  continuous  wood  failures  that  extend 
rom  the  cutting  edge  to  the  work  surface  ahead 
if  the  tool  must  be  induced  (fig.  8).  The 
novement  of  the  tool  strains  the  wood  ahead  of 
he  tool  in  compression  parallel  to  the  grain  and 
a  uses  diagonal  shearing  stresses;  the  wood  fails 
nd  a  continuous,  smooth,  spiral  chip  is  formed, 
"he  radius  of  the  spiral  increases  as  chip 
hickness  increases.  Quite  frequently  latewood 
hips  display  laminae  or  layers.  The  resultant 
urface  is  excellent.  In  this  study,  thin  chips, 
itermediate  to  high  wood  moisture  contents, 
nd  rake  angles  of  5  to  15°  favored  formation  of 
lie  Type  II  chip.  In  commercial  practice  Type  II 
hips  may  be  formed  at  rake  angles  somewhat 
igher  than  1 5°  possibly  up  to  20°  because  the 
plitting  ahead  of  the  knife  may  be  less  in  the 
lyered  earlywood  and  latewood  than  in  these 
omogeneous  samples.  The  cutting  edge  is  in 
itimate  contact  with  the  wood  at  all  times,  and 
idling  probably  is  rapid.  Power  demand  is 
itermediate  between  that  for  Type  I  and  Type 
I  chips. 


Fkure   8. 


-Franz  Type  II  chip  formed  when  making 
an  0.045-inch  cut  (90-0  direction)  in 
loblolly  pine  latewood  at  7-percent 
moisture  content;  5°  rake  angle. 


Type  III  chips  tend  to  form  in  cycles. 
Vpod  ahead  of  the  tool  is  stressed  in  compres- 
sfn  parallel  to  the  grain.  Rupture  occurs  in 
sear  parallel  to  the  grain  and  compression 
prallel  to  the  grain,  and  is  followed  by  compac- 
tijn  of  the  deformed  wood  against  the  tool  face 
(1g.  9).  Stresses  are  then  transferred  to  unde- 


Figure  9. -Franz  Type  III  chip  formed  when  making 
an  0.045-inch  cut  (90-0  direction)  in 
loblolly  pine  earlywood  at  7-percent 
moisture  content;  5°  rake  angle. 

formed  areas  that  subsequently  fail  in  turn.  The 
chip  does  not  escape  freely  up  the  tool  face  but 
remains  interposed  between  face  and  area  of 
continuing  wood  failure.  When  the  accumulation 
of  compressed  material  becomes  critical,  buck- 
ling takes  place,  the  chip  escapes  upward,  and 
the  cycle  begins  again.  Factors  favorable  to  the 
formation  of  Type  III  chips  include: 

Small  or  negative  rake  an- 
gles 

Dull  cutting  edges  (the 
rounded  edge  presents  a  negative 
rake  angle  at  tool-edge  extrem- 
ity) 

High  coefficient  of  friction 
between  chip  and  tool  face. 

Wood  failures  ahead  of  the  tool  establish  the 
surface.  The  failures  frequently  extend  below 
the  plane  of  the  cut,  and  incompletely  severed 
wood  elements  remain  prominent  on  the  sur- 
face. This  machining  defect  is  termed  fuzzy 
grain.  Power  consumption  is  high  and  dulling  is 
rapid. 

Occurrence  of  the  three  chip  types  in 
orthogonal  cutting  of  loblolly  pine  earlywood 
and  latewood  is  summarized  in  table  2. 

Effects  of  knife  angles.— Rake  angle  exerted 
a   strong   effect    on    tool    forces;    forces   were 


Table  2-Typical  chip  types  when  orthogonally  cutting 
loblolly  pine  wood  parallel  to  the  grain  in  the 


90-0     direction 


Moisture  content 

Chip  type2 

and  rake  angle 

In 

In 

(degrees) 

ear 

lywood 

latewood 

Saturated 

5 

II 

(III) 

II 

15 

II 

(III) 

I 

(II) 

25 

I 

(H) 

I 

35 

I 

I 

15.5  percent 

5 

III 

(II) 

II 

(HI) 

15 

II 

(III) 

II 

25 

I 

(ID 

I 

(ID 

35 

I 

I 

7.0  percent 

5 

III 

(I) 

II 

(I) 

15 

I 

(III) 

I 

25 

I 

I 

35 

I 

I 

'  Depths  ol  cut  ranged  from  0015  to  0.060  inch    Cutting  velocity  was  2  inches  per 

minute,  clearance  angle  I  5" 
'The  first  number  in  each  entry  is  major  chip  type  as  classified  by  Fran?  11458).  a 

second  number  in  parentheses  indicates  that  a  combination  of  chip  types  was  observed 


negatively  correlated  with  rake  angle  (fig.  10a 
and  tables  3  through  7).  Figure  7  shows  the 
effect  of  rake  angle  at  the  three  moisture 
contents  studied. 

The  sharpness  angle  strongly  affects  the 
rate  at  which  the  cutting  edge  dulls.  Minute 
fracturing  of  a  freshly  sharpened  and  honed 
knife  edge  occurs  as  the  first  few  chips  are  cut 
and  continues  until  equilibrium  is  reached  be- 
tween the  cutting  edge— which  grows  thicker  and 
more  rigid  as  the  edge  dulls— and  the  cutting 
forces;  from  this  time  wear  proceeds  at  a  slower 
rate.  Effective  rake  angle  is  decreased  as  wear 
proceeds;  cutting  forces  rise  and  chip  formation 
is  altered.  In  addition,  the  effective  clearance 
angle  is  reduced  and  in  fact  may  become 
negative;  a  negative  clearance  angle  increases  the 
cutting  forces  exerted  by  the  knife  and  usually 
affects  surface  quality  by  causing  raised  grain— a 
roughened  condition  in  which  hard  latewood  is 
raised  above  the  softer  earlywood  but  not  torn 
loose  from  it. 

Effects  of  depth  of  cuts.— In  orthogonal 
cutting,  depth  of  cut  is  synonymous  with 
thickness  of  the  undeformed  chip.  As  Lubkin 


Table  3.- Average  tool  forces  per  0.J -inch  of 
knife     when     orthogonally     cutting 
loblolly  pine  parallel  to  the  grain  in 
the  90-0  direction 


Factor 

Parallel  Normal 

force 

force  1 

Pounds  - 

Cell  type 

Earlywood 

6.5 

0.3 

Latewood 

12.5 

.5 

Moisture  content,  percent 

7 

8.3 

.4 

15.5 

12.9 

.8 

Saturated 

7.3 

.0 

Depth  of  cut,  inch 

0.015 

5.2 

.5 

.030 

8.3 

.4 

.045 

10.8 

.4 

.060 

13.7 

.4 

Rake  angle,  degrees 

5 

18.0 

2.6 

15 

10.9 

.5 

25 

5.4 

-.6 

35 

3.7 

-.7 

A    negative    normal    force    means   that    the    knife    tended    to   lift    the 
work  piece,    force   was   positive   when    the   knife    tended    to   push    I  he 
workpiece  away 
C  lea  ran  ce  angle  constant  at  15° 


(1957)  and  others  have  observed,  in  a  given 
cutting  situation  two  types  of  parallel-force 
curves  may  develop  with  changing  chip  thick- 
ness. When  chips  are  very  thin,  the  parallel  force 
varies  according  to  a  power  curve  and  Fj 
becomes  zero  at  zero  chip  thickness. 


where 


FF 

,  =  Ktmw 

FP 

■=L 

parallel  tool  force 

K 

= 

a  constant 

t 

= 

chip  thickness 

m 

- 

a  constant  between  1  and 

0  (generally  observed 

to 

be  from  0.25  to  0.67) 

w 

= 

width  of  chip 

(1) 


Beyond  the  region  of  very  thin  chips  it  (lore 
possible  to  approximate  considerable  portions*  upi 


25  45 

RAKE    ANGLE  (DEGREES) 


70 


0.015  0.030 

DEPTH    OF 


0.045         0.060 
CUT    (INCH) 


7  15.5  30 

MOISTURE  CONTENT(PERCENT) 


Figure  10.— Effect  of  rake  angle,  depth  of  cut,  and  moisture  content  on  average  parallel 
cutting  force.  For  these  curves,  data  were  pooled  for  both  earlywood  and 
latewood  at  a  range  of  rake  angles,  three  moisture  contents  (saturated,  15.5, 
and  7  percent),  and  four  depths  of  cut  (0.015,  0.030,  0.045,  and  0.060  inch). 


lis  curve  with  a  straight-line  function  of  t  that 
in  be  expressed: 

Fp  =  (A+Bt)w  (2) 


constants  A  and  B  are  suitably  chosen. 

In  some  situations  the  experimentally 
itermined  parallel  cutting  force  defined  by 
luation  1  holds  for  the  entire  practical  range  of 
nip  thicknesses.  In  other  situations,  the  curve 
sraightens  beyond  a  certain  chip  thickness  and 
ontinues  linearly  as  described  by  equation  2. 

If  the  data  on  parallel  cutting  force  (tables 
'and  5)  are  averaged  for  both  earlywood  and 
ltewood  over  all  moisture  contents  and  all  rake 
s  gles,  the  resultant  curves  can  be  approximated 
t;  straight  lines  (fig.  10b).  Figure  7  shows  in 
rbre  detail  how  cutting  forces  are  related  to 
cip  thickness. 


Effects  of  wood  factors.- The  specimens 
were  cut  on  the  radial  face  (fig.  1 ,  90-0 
direction)  and  it  was  observed  that  most  Type  I 
chips  failed  in  planes  of  weakness  at  ray  loca- 
tions. Had  the  specimens  been  machined  on  the 
tangential  face,  i.e.,  perpendicular  to  the  rays, 
fewer  Type  I  failures  might  have  developed  at 
the  25° rake  angle. 

Averaged  over  all  rake  angles,  all  depths  of 
cut,  and  all  moisture  contents,  latewood  re- 
quired much  more  cutting  force  per  0.1 -inch 
width  than  earlywood: 


Cell  type 


Specific 
gravity 


Fn 


Latewood 
Earlywood 


0.85 
.34 


12.5 
6.5 


Pounds  — 

0.5 

.3 


Table  4.-  Parallel  tool  forces  per  0.1  inch  of  knife  when  orthogonally  cutting  loblolly  pine 
latewood  parallel  to  the  grain  in  the  90-0  direction1'2 


Depth  of  cut  and 

Rake  angl< 

j,  degrees 

moisture  content 

(percent) 

5 

15 

25 

35 

-  Pounds  — 

0.015  inch 

7 

14.4 

(26.6) 

7.6 

(22.5) 

3.0 

(16.7) 

3.3 

(11.3) 

15.5 

13.0 

(17.1) 

11.1 

(15.7) 

6.3 

(11.0) 

4.0 

(6.4) 

Saturated 

7.4 

(11.1) 

5.0 

(7.8) 

3.0 

(5.3) 

2.4 

(3.7) 

0.030  inch 

7 

23.9 

(49.2) 

7.1 

(39.9) 

4.1 

(22.3) 

4.4 

(15.7) 

15.5 

25.0 

(32.7) 

17.5 

(28.7) 

9.9 

(16.9) 

6.4 

(10.3) 

Saturated 

14.8 

(19.2) 

9.6 

(13.9) 

5.0 

(8.1) 

3.5 

(6.5) 

0.045  inch 

7 

24.4 

(62.4) 

8.8 

(46.0) 

4.5 

(31.6) 

4.8 

(16.6) 

15.5 

36.1 

(46.0) 

28.8 

(38.0) 

11.8 

(26.2) 

7.1 

(12.9) 

Saturated 

22.3 

(28.0) 

11.5 

(19.5) 

5.9 

(10.7) 

4.2 

(7.8) 

0.060  inch 

7 

33.2 

(87.3) 

10.3 

(52.6) 

6.0 

(31.0) 

5.2 

(21.6) 

15.5 

44.8 

(57.6) 

35.5 

(51.8) 

16.3 

(34.9) 

9.2 

(15.3) 

Saturated 

29.6 

(35.8) 

17.3 

(27.9) 

7.1 

(14.5) 

4.7 

(7.9) 

1  he  first  miniher  in  each  entry  is  the  average  cutting  force,  the  number  following  in  parentheses  is  the  average  of  the  maximum 


forces  observed  ill  the  live  replications 
"h  learauce  angle  I  5°  ,  cutting  velocity  2  inches  per  minute 


Table  5 -Parallel  tool  forces  per  0.1  inch  of  knife  when  orthogonally  cutting  loblolly  pine 
early  wood  parallel  to  the  grain  in  the  90-0  direction  y 


Depth  of  cut  and 

Rake  angle 

i,  degrees 

moisture  content 

(percent) 

5 

15 

25 

35 

Pow 

ids  — 

0.015  inch 

7 

7.3 

(10.6) 

5.8 

(9.2) 

2.0 

(6.2) 

1.3 

(5.2) 

15.5 

5.5 

(7.4) 

4.9 

(6.2) 

3.7 

(5.3) 

2.5 

(3.5) 

Saturated 

3.8 

(5.2) 

2.9 

(4.0) 

2.0 

(3.0) 

1.6 

(2.4) 

0.030  inch 

7 

14.2 

(18.8) 

5.9 

(16.5) 

1.8 

(9.8) 

1.8 

(7.3) 

15.5 

10.0 

(12.6) 

9.3 

(11.1) 

5.7 

(8.4) 

3.5 

(5.8) 

Saturated 

6.6 

(8.7) 

5.0 

(6.3) 

2.9 

(4.5) 

2.2 

(3.8) 

0.045  inch 

7 

18.5 

(25.8) 

3.7 

(20.6) 

2.0 

(10.9) 

2.2 

(9.1) 

15.5 

14.0 

(16.9) 

13.6 

(15.7) 

6.9 

(11-9) 

3.6 

(8.5) 

Saturated 

9.7 

(11.9) 

7.4 

(9.5) 

3.8 

(5.7) 

2.6 

(4.3) 

0.060  inch 

7 

23.4 

(33.9) 

5.2 

(25.7) 

2.2 

(13.4) 

1.9 

(10.9) 

15.5 

18.3 

(22.7) 

17.5 

(20.2) 

8.5 

(14.5) 

3.6 

(10.7) 

Saturated 

12.4 

(14.5) 

9.3 

(11.5) 

4.3 

(7.1) 

2.9 

(5.3) 

I  he  first  number  in  each  entry  is  the  average  cutting  force,  the  number  following  in  parentheses  is  the  average  of  the  maximum 

forces  observed  in  the  five  replications. 

Clearance  angle  I  5"  .cutting  velocity  2  inches  per  minute 


10 


Table  6. -Normal  tool  forces  per  0.1  inch  of  knife  when  orthogonally  cutting  loblolly  pine  latewood  parallel  to  the 
grain  in  the  90-0  direction  '  ' 


Depth  of  cut  and 

Rake  ang 

e,  degrees 

moisture  content 

(percent) 

5 

15 

25 

35 

0.015  inch 

7 

2.8 

(0.4  to 

5.6) 

0.8       I 

>o.3  to 

2.5) 

-0.3 

(-1.8  to  0.5) 

-0.5       I 

-2.5  to 

0.4) 

15.5 

3.1 

(1.6  to 

4.5) 

1.3 

(-.4  to 

2.6) 

-.3 

(-1.0  to 

.5) 

-.6       I 

-1.3  to 

■1) 

Saturated 

1.3 

(.5  to 

2.5) 

.3 

(-.4  to 

1.1) 

-.3 

(-.8  to 

•4) 

-.4       { 

-1.0  to 

■2) 

0.030  inch 

7 

2.9 

(.4  to 

6.1) 

.7       I 

-1.1  to 

2.7) 

-.4 

(-3.2  to 

7) 

-.7       I 

-3.9  to 

•4) 

15.5 

4.6 

(2.6  to 

7.7) 

1.4 

(-.2  to 

3.0) 

-.9 

(-2.3  to 

•1) 

-1.2       I 

-2.2  to  - 

-.2) 

Saturated 

1.6 

(.6  to 

2.9) 

.0       I 

-1.0  to 

1.1) 

-.8 

(-1.7  to 

■0) 

-1.0       ) 

-2.0  to 

■  1) 

0.045  inch 

7 

3.0 

(.6  to 

7.7) 

.4       | 

-1.8  to 

2.5) 

-.6 

(-4.7  to 

7) 

-.9       I 

-4.3  to 

.5) 

15.5 

6.7 

(4.7  to 

9.6) 

1.4 

(-.7  to 

3.1) 

-1.3 

(-3.2  to 

.0) 

-1.5       ( 

-3.1  to 

-.3) 

Saturated 

1.8 

(.8  to 

3.4) 

-.4       | 

-1.8  to 

.5) 

-1.0 

(-2.2  to 

.0) 

-1.3       1 

-2.8  to 

0) 

0.060  inch 

7 

3.4 

(.5  to 

9.1) 

-4       { 

-2.0  to 

2.3) 

-.8 

(-5.6  to 

.6) 

-.9       | 

-5.9  to 

•4) 

15.5 

7.0 

(3.8  to  11.1) 

1.7 

(-.7  to 

4.1) 

-1.8 

(-4.4  to 

.0) 

-2.4       1 

;-4.1  to 

-.6) 

Saturated 

2.0 

(.6  to 

3.7) 

-.4       | 

[-1.7  to 

•7) 

-1.3 

(-3.2  to  - 

•1) 

-1.4       1 

-3.1  to 

-1) 

'The  first  number  in  each  entry  is  the  average  cutting  force,  the  numbers  following  in  parentheses  are  minimum  and  maximum  forces  (average  of  five  replications). 
H  learance  angle  I  5°  .  cutting  velocity  2  inches  per  minute 
A  negative  normal  force  means  that  the  knife  tended  to  lift  the  workpiece.  force  was  positive  when  the  knife  tended  to  push  the  workpiece  away 


Table  7  -Normal  tool  forces  per  0.1  inch  of  knife  when  orthogonally  cutting  loblolly  pine  earlywood  parallel  to  the 
grain  in  the  90-0  direction  9  ' 


Depth  of  cut  and 

Rake  ang 

e,  degrees 

moisture  content 
(percent) 

5 

15 

25 

35 

-  Pou 

nds 

0.015  inch 

7 

1.1 

(0.4  to  1.9) 

0.3 

(-0.1  to 

0.9) 

-0.2 

(-0.9  to 

0.4) 

-0.2 

(-1.3  to  0.2) 

15.5 

1.7 

(.7  to  2.7) 

.6 

(.1  to 

1.4) 

.0 

(-.4  to 

.3) 

-.3 

(-.7  to 

.0) 

Saturated 

1.2 

(.5  to  2.1) 

.5 

(.1  to 

1.0) 

-.1 

(-.4  to 

.3) 

-.2 

(-.5  to 

2) 

0.030  inch 

7 

1.4 

(.3  to  2.6) 

.4 

(-.6  to 

1.1) 

-.3 

(-1.7  to 

•4) 

-.3 

(-2.3  to 

•2) 

15.5 

2.3 

(1.1  to  4.1) 

.7 

(.3  to 

1.3) 

-.3 

(-1.0  to 

.3) 

-.6 

(-1.5  to 

.0) 

Saturated 

1.1 

(.7  to  2.2) 

.2 

(-.1  to 

•7) 

.4 

(-.7  to 

•0) 

-.6 

(-1.1  to- 

•1) 

0.045  inch 

7 

1.6 

(.4  to  3.0) 

.2 

(-1.2  to 

1.2) 

-.3 

(-2.2  to 

■4) 

-.4 

(-3.1  to 

•2) 

15.5 

2.9 

(1.8  to  4.6) 

.6 

(.1  to 

1.3) 

-.6 

(-1.7  to 

.2) 

-.8 

(-2.3  to 

•1) 

Saturated 

1.6 

(1.0  to  2.9) 

.1 

(-.3  to 

.6) 

-.5 

(-1.0  to 

•1) 

-.8 

(-1.5  to - 

•2) 

D.060  inch 

7 

1.6 

(.4  to  3.5) 

.4 

(-1.6  to 

1.4) 

-.3 

(-2.9  to 

.3) 

-.4 

(-3.6  to 

.3) 

15.5 

3.3 

(1.8  to  5.1) 

.6 

(.0to 

1.5) 

-.7 

(-2.4  to 

.2) 

-.8 

(-2.9  to 

•2) 

Saturated 

1.5 

(.9  to  2.2) 

-.1 

(-.5  to 

7) 

-.7 

(-1.5  to 

1) 

-.9 

(-2.0  to 

•1) 

I  he  first  number  in  each  entry  is  the  average  cutting  force,  the  numbers  following  in  parentheses  are  minimum  and  maximum  forces  (average  of  five  replications) 
■(learance  angle  I  5"  :  cutting  velocity  2  inches  per  minute 
A  negative  normal  force  means  that  the  knife  tended  to  lift  the  workpiece.  force  was  positive  when  the  knife  tended  to  push  the  workpiece  awdy 
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Maximum  parallel  cutting  force  per 
0.1 -inch  of  width  was  inversely  proportional  to 
moisture  content  when  averaged  over  all  rake 
angles,  all  depths  of  cut,  and  both  cell  types: 

Moisture  content 

(percent)  Fp 


7 

15.5 
Saturated 


Lbs. 
24.6 


0.5 


FP  = 


Average  parallel  cutting  force  was 
positively  correlated  with  moisture  content 
when  cutting  in  the  90-0  direction  at  the  lower 
moisture  contents  (fig.  10c,  tables  4  and  5). 
When  dry  wood  is  cut,  the  forming  chip  fails  as  a 
cantilever  beam  and  there  are  intervals  when  no 
force  is  required;  hence  the  average  is  low  even 
though  the  maximum  force  is  high. 

To  summarize  the  effects  of  the  principal 
factors  in  90-0  cutting,  earlywood  and  latewood 
data  were  pooled  and  multiple  regression  equa- 
tions were  developed  to  relate  depth  of  cut 
(inch),  rake  angle  (degrees),  moisture  content 
(decimal  fraction  of  ovendry  weight),  and  specif- 
ic gravity  (ovendry  volume  and  weight)  to 
average  parallel  (Fp)  and  normal  (Fn)  cutting 
forces  (pounds)  per  0.1 -inch  width  of  specimen. 

6.996  (3) 

[(specific  gravity)(depth 
N/rake  angle 
274.182  (specific  gravity  )(depth  of  cut) 

409.777  (moisture  content) 
+      \ 41 362  (moisture  content) 

Within  the  stated  limits  of  the  factors,  equation 
3  accounted  for  75  percent  of  the  variation  with 
a  standard  error  of  the  estimate  of  4.7  pounds. 

Ftl  -  0.659  (4) 

6. M0  (moisture  content) 

Lvrake  angle  J 
87.518  (specific  gravity  )(depth  of  cut) 

[(specific  gravity )(depth  of  cut)"] 
x/rake  angle  J 

Equation  4  accounted  for  71  percent  of  the 
variation  with  a  standard  error  of  the  estimate  of 
0.93  pound. 


of  cut)  I 


4.751 


PERPENDICULAR  TO  GRAIN: 

0-90  DIRECTION 

In  commercial  practice,  veneer  is  cut  in  the 
0-90  direction  from  heated  logs  with  a  knife 
having  a  rake  angle  of  approximately  70°  and  a 
clearance  angle  of  close  to  0°.  The  knife  is  used 
in  conjunction  with  a  nosebar  to  compress  the 
wood  ahead  of  the  cutting  edge.  The  compres- 
sion reduces  the  severity  of  checks  in  the 
forming  veneer.  This  paper  reports  on  orthog- 
onal cutting  of  room-temperature  wood  without 
a  nosebar  and  at  a  variety  of  rake  angles. 

Chip  formation.— Tor  0-90  cutting,  Mc- 
Millin  (1958)  has  accounted  for  the  formation 
of  various  chip  types  in  terms  of  the  mechanical 
properties  of  the  wood;  the  explanation  will  not 
be  duplicated  here. 

As  defined  by  Leney  (1960),  continuous 
veneer  is  formed  in  an  unbroken  sheet  in  which 
the  original  wood  structure  is  essentially  un- 
changed by  the  cutting  process.  With  a  suitably 
sharp  knife,  and  a  thin  cut,  this  can  be  accom- 
plished so  that  the  veneer  has  relatively  un- 
broken surfaces  on  both  sides  (fig.  1 1 ). 

Following  initial  incision,  the  cells  above 
the  cutting  edge  move  upward  along  the  face  of 
the  knife.  They  are  restrained  by  the  wood 
above  them  and  therefore  are  compressed.  As 
the  compression  increases,  a  force  normal  to  the 
knife  face  is  developed,  together  with  a  friction- 
al  force  along  the  face  of  the  knife.  As  the  cut 
proceeds,  the  forces  reach  a  maximum  when  the 
veneer  begins  to  rotate  or  bend  as  a  cantilever 
beam.  This  bending  creates  a  zone  of  maximum 
tension  above  the  cutting  edge  and  causes 
compression  on  the  top  or  face  of  the  forming 
veneer. 

As  depth  of  cut  is  increased,  rake  angle 
decreased,  or  cutting  edge  dulled,  critical  zones 
of  stress  develop,  as  depicted  in  figure  12.  In 
Zone  1  maximum  tension  due  to  bending 
develops  close  to  the  cutting  edge  and  at  right 
angles  to  the  long  axis  of  the  zone  as  drawn; 
failure  occurs  as  a  tension  check.  In  Zone  2  the 
frictional  force  along  the  face  of  the  knife  may 
create  a  more  or  less  horizontal  shear  plane 
between  the  compressed  cells  at  the  knife-chip 
interface  and  the  resisting  wood  above  them.  In 
Zone  3  the  cutting  edge  deflects  the  wood 
elements  into  a  slight  bulge  preceding  the  edge, 
and  the  somewhat  compacted  cell  walls  may 
eventually  fail  in  tension  either  above  or  below 
the  cutting  plane  (compression  tearing). 
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Figure  1 1  —Continuous  veneer  cut  from  saturated  lob- 
lolly pine  in  0-90  direction;  70°  rake  angle 
and  20°  sharpness  angle  (zero  clearance 
angle). 

A.  Early  wood,  0.030-inch  cut. 

B.  Earlywood,  0.060-inch  cut. 

C.  Latewood,  0.060-inch  cut. 


'igure  12. —Critical  zones  of  stress  in  veneer  cutting 
without  a  nosebar:  (I )  tension,  (2)  shear,  (3) 
compression  tearing. 


In  this  study  compression  tearing  was 
prominent  in  earlywood  when  rake  angles  were 
between  25  and  70°.  The  degree  of  tearing 
ranged  from  moderate  (fig.  13a)  to  severe  (fig. 
13c);  in  the  latter  case,  the  earlywood  was 
simply  pushed  off  the  underlying  latewood. 

With  rake  angles  of  45°  and  lower, 
latewood  failed  as  a  cantilever  beam  at  all 
moisture  contents  (fig.  14).  The  knife  with  70° 
rake  and  0°  clearance  cut  continuous  veneer 
from  saturated  latewood  with  only  an  occasional 
failure  as  a  cantilever  beam  (fig.  lie).  With  all 
knives  (rake  angles  25,  35,  45,  and  70°)  both 
earlywood  and  latewood  developed  deep  tension 
checks  when  cut  at  7-percent  moisture  content 
(figs.  14,15). 

The  knife  with  70° rake  cut  the  best  veneer; 
saturated  wood  yielded  the  highest  proportion 
of  continuous  veneer,  although  there  was  some 
compression  tearing  in  earlywood.  Generally, 
tension  checks  occurred  when  veneer  was  cut 
from  wood  dried  to  a  mositure  content  of  15.5 
or  7  percent.  In  studying  figures  11,  13,  14,  15, 

Figure  13 .—Compression  tearing  in  veneer  cut  in  the 
0-90  direction  from  saturated  loblolly  pine 
earlywood. 

A.  Rake  angle  25° ,  depth  of  cut  0.030  inch. 

B.  Rake  angle  70°,  depth  of  cut  0.015  inch. 

C.  Rake  angle  25°,  depth  of  cut  0.045  inch. 
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it  should  be  remembered  that  the  specimens 
were  very  narrow  and  that  chip  formation  in 
wide  specimens  of  mixed  early  wood  and  late- 
wood  might  develop  somewhat  differently. 

Cutting  forces.—  Cutting  forces  were 
strongly  affected  by  cell  type,  moisture  content, 
depth  of  cut,  and  rake  angle  (table  8). 


MM&Mf! 


«_.  _«.'  .  £m-  A4*    ltd        <"" 


Figure  14.—  Veneer  fails  as  a  cantilever  beam  when  cut  in 
0-90  direction  from  loblolly  pine  latewood 
at  7-percent  moisture  content  with  a  rake 
angle  of  45°  and  clearance  angle  of  15°. 
Veneer  is  0. 030-inch  thick  in  top  photo  and 
0.045  in  bottom. 

Figure  15.— Tension  checks  in  0.060-inch  veneer  cut  in 
0-90  direction  from  loblolly  pine  earlywood 
at  7  percent  moisture  content.  Rake  angle 
70°.  Sharpness  angle  20°. 


Table  ^.-Average  tool  forces  per  0.1  inch  of 
knife  when  orthogonally  cutting 
loblolly  pine  veneer  in  the  0-90 
direction 


Factor 

Parallel  Normal 

force 

force 

—  Pounds  

Cell  type 

Earlywood 

2.6 

0.1 

Latewood 

2.7 

-.8 

Moisture  content,  percent 

7 

2.2 

-.5 

15.5 

3.5 

-.4 

Saturated 

2.2 

-.2 

Depth  of  cut,  inch 

0.015 

2.2 

-.1 

.030 

2.5 

-.3 

.045 

2.7 

-.4 

.060 

3.0 

-.6 

Rake  angle,  degrees 

25 

3.9 

.1 

35 

2.8 

-.3 

45 

2.2 

-.6 

70 

1.6 

-.6 

A    negative    normal    force    means   lhal    (he    knife    (ended    to   lift    (he 
workpiece;    force   was   posidve   when    (he    knife    (ended   (o   push    the 
workpiece  away. 
Clearance  jntde  15".  except  that  knife  wi(h  70"  rake  had  zero  clearance. 


Moisture  content  was  negatively  correlated 
with  maximum  parallel  cutting  force  per 
0.1 -inch  of  width  (but  not  with  maximum 
normal  force)  when  averaged  over  all  rake 
angles,  all  depths  of  cut,  and  both  cell  types. 

Moisture  content 

(percent)  Fp 


7 

15.5 
Saturated 


Lbs. 

9.8 
8.2 
4.7 


Average    parallel    cutting    force,   however 
was  relatively  independent  of  moisture  conten 
when  data  on  all  rake  angles,  all  depths  of  cut ) 
and  both  cell  types  were  pooled  (fig.  10c,  0-90" 
Figure    16   and    tables   9   and    10  give  a  mor 
detailed  view  of  the  interactions  with  moistur 
content.  When  veneer  is  cut  from  dry  wood,  th: 
forming  chip  fails  as  a  cantilever  beam  and  ther': 
are   intervals  when  no  force  is  required;  henc 
the    average    is    low.    In    wet   wood,   howeve  J 
continuous   veneer  is   formed  and  the  avera^.' 
parallel  force  is  high. 
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Table  9. -Parallel  tool  forces  per  0.1  inch  of  knife  when  orthogonally  cutting  loblolly 
pine  latewood  veneer  in  the  0-90  direction1 ,2 


Depth  of  cut  and 

moisture  content 

(percent) 

Rake  angl< 

:,  degrees 

25 

35 

45 

70 

Pounds  - 

0.015  inch 

7 

2.9 

(14.7) 

2.0 

(12.3) 

2.1 

(8.8) 

2.0 

(4.3) 

15.5 

4.3 

(8.7) 

4.0 

(6.6) 

2.9 

(4.7) 

2.3 

(3.7) 

Saturated 

2.3 

(4.5) 

2.1 

(3.6) 

1.7 

(2.8) 

1.4 

(1.9) 

0.030  inch 

7 

3.0 

(20.7) 

2.5 

(15.2) 

1.8 

(11.4) 

2.0 

(5.0) 

15.5 

5.9 

(14.8) 

3.9 

(10.0) 

2.3 

(7.2) 

2.4 

(5.0) 

Saturated 

2.6 

(6.9) 

2.3 

(6.1) 

1.6 

(4.1) 

1.5 

(2.5) 

0.045  inch 

7 

3.1 

(25.6) 

1.9 

(16.1) 

2.2 

(15.9) 

1.7 

(5.3) 

15.5 

5.5 

(17.7) 

3.9 

(14.8) 

2.5 

(9.2) 

2.3 

(5.6) 

Saturated 

3.5 

(10.0) 

2.2 

(7.8) 

1.5 

(5.9) 

1.6 

(2.9) 

0.060  inch 

7 

2.6 

(26.9) 

1.7 

(18.2) 

2.8 

(17.9) 

1.5 

(5.3) 

15.5 

6.6 

(21.5) 

4.0 

(16.3) 

3.3 

(11.7) 

2.9 

(7.1) 

Saturated 

3.7 

(12.7) 

2.7 

(10.3) 

1.7 

(6.8) 

1.7 

(3.7) 

The  Mrs!  number  in  each  entry  is  the  average  culling  force,  the  number  following  in  parentheses  is  ihe  average  of  the  maximum 
torses  observed  in  the  five  replications. 
"(  learance  angle  1  5" .  except  that  knite  with  70"  rake  had  zero  clearance  Cutting  velocity  2  inches  per  minute 


Table  10. -Parallel  tool  forces  per  0.1  inch  of  knife  when  orthogonally  cutting  loblolly 
pine  early  wood  veneer  in  the  0-90  direction   * 


Depth  of  cut  and 

Rake  angle 

>,  degrees 

(percent) 

25 

35 

45 

70 

Poui 

ids 

0.015  inch 

7 

2.6 

(5.5) 

2.0 

(4.8) 

1.7 

(4.1) 

1.0 

(1.8) 

15.5 

3.3 

(5.1) 

2.8 

(4.1) 

1.8 

(3.7) 

1.0 

(1.9) 

Saturated 

2.2 

(2.9) 

1.8 

(2.6) 

1.5 

(2.2) 

1.3 

(1.9) 

0.030  inch 

7 

3.4 

(8.2) 

1.9 

(6.3) 

1.9 

(5.6) 

1.1 

(2.2) 

15.5 

4.7 

(6.8) 

3.6 

(6.7) 

2.5 

(5.6) 

1.4 

(2.8) 

Saturated 

3.0 

(4.5) 

2.2 

(3.5) 

1.9 

(3.2) 

1.2 

(1.9) 

0.045  inch 

7 

3.5 

(10.1) 

2.4 

(7.5) 

1.8 

(6.0) 

1.1 

(2.2) 

15.5 

6.7 

(10.1) 

4.9 

(8.8) 

2.5 

(6.1) 

1.6 

(3.0) 

Saturated 

3.6 

(5.4) 

2.6 

(4.7) 

2.1 

(3.8) 

1.2 

(1.9) 

0.060  inch 

7 

3.4 

(9.6) 

2.3 

(8.1) 

2.0 

(5.6) 

1.1 

(2.4) 

15.5 

7.6 

(13.0) 

5.1 

(10.2) 

3.0 

(7.0) 

1.4 

(2.6) 

Saturated 

4.0 

(6.0) 

3.3 

(5.5) 

2.8 

(4.7) 

1.3 

(2.0) 

Ihe  tirsi  number  in  each  entry  is  the  average  cutting  force,  the  number  following  in  parentheses  is  the  average  ol  Ihe  maximum 

lories  observed  in  the  live  replicalions 

<  lea  ranee  angle  1  V1 ,  except  that  knife  with  70"  rake  had  zero  clearance  Cutting  velocity  2  inches  per  minute 
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Parallel  cutting  force  was  negatively  corre- 
lated with  rake  angle.  With  the  rake  angles 
evaluated,  the  average  normal  force  was  always 
negative  in  latewood.  With  earlywood,  however, 
the  25  and  35°  rake  angles  generally  caused  a 
positive  normal  force,  i.e.,  the  tool  pushed  on 
the  workpiece  (fig.   16  and  tables  11  and   12). 

Depth  of  cut  had  a  relatively  small  effect 
on  the  average  parallel  cutting  force;  figure  10b 
(0-90)  shows  data  averaged  over  all  rake  angles, 
all    moisture    contents,    and    both    cell    types. 


Figure    16  and   tables  9   through    12  show   the 
interactions  for  both  normal  and  parallel  forces. 

To  summarize  the  effects  of  the  major 
factors  in  0-90  veneer  cutting,  earlywood  and 
latewood  data  were  pooled  and  multiple 
regression  equations  were  developed  to  relate 
depth  of  cut  (inch),  rake  angle  (degrees), 
moisture  content  (expressed  as  a  decimal 
fraction),  and  specific  gravity  (ovendry  volume 
and  weight)  to  average  parallel  and  normal 
cutting  forces  (pounds)  per  0.1 -inch  width  of 
specimen. 


Fp,   PARALLEL    FORCE   (POUNDS    PER    0.1-INCH    OF   KNIFE) 
2  3  4       „l  2  3 


1                     1 

^''"i;,250RAKE 

-SW0I50      >---•' "(ALL  DEPTHS) 

r/-]-v-;--Is'35° 

zo>>V\ 

\      0.030  \     \ 
0.045               \  \ 
0060-                          \ » 
INCH  CUT                             v^4g. 

URE 

-25°  RAKE 


EARLYWOOD 


LATEWOOD 


Figure  16.— Effect  of  depth  of  cut,  rake  angle,  and  moisture  content  on  average  cutting 
forces  for  earlywood  and  latewood  of  southern  pine;  0-90  cutting  direction, 
orthogonal,  15°  clearance  angle,  2  inches  per  minute  cutting  velocity. 
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Table  1 1. -Norma I  tool  forces  per  0.1  inch  of  knife  when  orthogonally  cutting  loblolly  pine  latewood  veneer  in  the 
0-90  direction1'2-3 


Depth  of  cut  and 

moisture  content 

(percent) 

Rake  ang 

e,  degrees 

25 

35 

45 

70 

0.015  inch 

7 

-0.4 

(- 

-2.3  to  1 

.3) 

-0.7 

[-3.5  to 

0.5) 

-0.7 

[-3.5  to  0.6) 

-0.6 

( 

-1.6  to  0.5) 

15.5 

-.1 

(- 

-1.4  to 

.6) 

-.6 

[-1.8  to 

•4) 

-.8 

[-1.9  to 

0) 

-.8 

( 

-1.6  to 

-1) 

Saturated 

-.1 

1 

;-.6  to 

■4) 

-.3 

[-1.1  to 

■3) 

-.4 

[-1.2  to 

4) 

-.4 

l 

-.8  to 

-2) 

0.030  inch 

7 

-.3 

(- 

-4.0  to  1 

.5) 

-.7       i 

[-5.0  to 

.3) 

-.8       I 

[-5.8  to 

.5) 

-.9 

(- 

-2.3  to 

■4) 

15.5 

-.9 

(- 

-3.0  to 

.8) 

-1.0       I 

[-3.1  to 

.5) 

1.1       1 

-3.6  to 

■3) 

-.9 

(- 

-2.2  to 

.0) 

Saturated 

-.5 

(- 

-1.5  to 

.5) 

-.5       I 

-2.2  to 

■4) 

-.6       | 

-2.2  to 

•5) 

-.7 

(- 

-1.5  to 

.3) 

0.045  inch 

7 

-.3 

(- 

-4.7  to  1 

.2) 

-.5       | 

[-5.4  to 

.2) 

-.9       1 

:-7.oto 

.5) 

-1.0 

( 

2.9  to 

.4) 

15.5 

-.9 

(- 

-3.9  to  1.1) 

-1.1       < 

[-5.4  to 

.3) 

-1.3       | 

-5.5  to 

•1) 

-1.3 

( 

-2.8  to 

•0) 

Saturated 

-.7 

(- 

-2.3  to 

.6) 

-.6       I 

-2.9  to 

•3) 

-.7       | 

-3.4  to 

■6) 

-.8 

( 

-2.0  to 

.4) 

0.060  inch 

7 

-.4 

(- 

-4.7  to 

.5) 

-.6       I 

-7.4  to 

.8) 

-1.6       | 

-9.5  to 

.6) 

-1.0 

( 

-3.4  to 

•5) 

15.5 

-.8 

(- 

-4.7  to  1 

•7) 

-1.2       I 

-5.8  to 

•7) 

-1.5       | 

-6.4  to 

.2) 

-1.6 

( 

3.3  to 

•2) 

Saturated 

-.7 

( 

-3.0  to 

.5) 

-.8       I 

4.1  to 

.3) 

-.9       ( 

-3.9  to 

■4) 

-.9 

(- 

2.9  to 

.6) 

'The  first  number  in  each  entry  is  the  average  cutting  force,  the  numbers  following  in  parentheses  are  minimum  and  maximum  forces  (average  of  live  replications! 

-(  learance  angle  I  5"  .  except  that  knife  with  70°  rake  had  zero  clearance  Cutting  velocity  ^  inches  per  minute 

■'  \  negative  normal  force  means  that  (he  knife  tended  to  lift  the  wood   force  was  positive  when  (he  knife  tended  to  push  the  workpiece  away. 


Table  \2.-Normal  tool  forces  per  0.1  inch  of  knife  when  orthogonally  cutting  loblolly  pine  earlywood  veneer  in  the 
0-90  direction1'23 


Depth  of  cut  and 

moisture  content 

(percent) 

Rake  ang 

e,  degrees 

25 

35 

45 

70 

-  Pou 

rids 

0.015  inch 

7 

0.4 

(-0.5  to  2.4) 

0.0 

(-0.5  to 

1.3) 

-0.2 

(-0.9  to 

0.6) 

-0.3 

[-0.7  to  0.2) 

15.5 

.8 

(-.2  to  2.1) 

.5 

(-.3  to 

1.3) 

-.1 

(-.7  to 

1.0) 

-.1 

(-.5  to 

■3) 

Saturated 

.7 

(.2  to  1.4) 

.3 

(-.1  to 

■9) 

-.4 

(.0to 

1.1) 

-.7 

(.2  to 

1.2) 

0.030  inch 

7 

.4 

(-.7  to  2.7) 

-.2 

(-1.0  to 

1.4) 

-.3 

(-1.3  to 

.8) 

-.4 

[-1.2  to 

•2) 

15.5 

.9 

(-.4  to  2.5) 

.3 

(-.9  to 

1.9) 

-.3 

(-1.3  to 

.6) 

-.5 

[-1.0  to 

•1) 

Saturated 

.7 

(-.1  to  1.9) 

.2 

(-.3  to 

1.0) 

-.1 

(-.4  to 

.8) 

-.3 

(-.1  to 

■7) 

0.045  inch 

7 

.3 

(-1.1  to  2.5) 

-.3 

(-1.4  to 

1.0) 

-.5 

(-2.1  to 

.6) 

-.4 

[-1.6  to 

•4) 

15.5 

1.3 

(-.5  to  3.6) 

.1 

(-1.4  to 

2.6) 

-.5 

(-1.6  to 

■3) 

-.6       1 

[-1.3  to 

•2) 

Saturated 

.7 

(.0to  1.8) 

.0 

(-.7  to 

■9) 

-.2 

(-.7  to 

.5) 

.0 

(-.4  to 

.6) 

0.060  inch 

7 

-.1 

(-1.4  to  1.9) 

-.4 

(-2.0  to 

•9) 

-.7 

(-2.6  to 

•7) 

-.5       1 

-1.8  to 

.5) 

15.5 

1.1 

(-1.0  to  4.3) 

.0 

(-1.9  to 

2.3) 

-.4 

(-2.0  to 

•7) 

-.6       I 

[-1.4  to 

■1) 

Saturated 

.5 

(-.4  to  1.7) 

.0 

(-.7  to 

.8) 

-.3 

(-.8  to 

.6) 

-.2 

(-.6  to 

.3) 

The  lirst  numher  m  each  entry  is  the  average  culling 
(learance  angle  1  5"  except  that  knife  with  70"  rake 
*A  negative  normal  force  means  that  the  knife  tended 


force,  the  numbers  following  in  parentheses  are  minimum  and  maximum  forces  (average  of  five  replications! 

had  zero  clearance  Cutting  velocity  2  inches  per  minute. 

to  lift  the  wood   force  was  positive  when  the  knife  tended  to  push  the  workpiece  awa> 
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FP  = 


5.902 
+      63.565 

+    747.561 


\rake  angle  / 


(5) 


/depth  ofcul  \ 
y  rake  angle   J 

0.0338  ( — — : — ,2) 

\moisture  content   / 


~-  \J  moisture  content  J 


Equation  5  accounts  for  64  percent  of  the 
variation  with  a  standard  error  of  the  estimate  of 
0.85  pound. 


Fn    = 


2.241 


(6) 


3.572   (Vdepthofcut) 

+    694063    (rli^gTe2) 

+         l  -29b  [  ^/specific  gravity  J 

+        0.0305     (moisture  content  Xrake  angle) 


Equation  6  accounts  for  69  percent  of  the 
variation  with  a  standard  error  of  the  estimate  of 
0.36  pound. 

Tool  forces  when  cutting  in  the  0-90 
direction  are  influenced  by  the  strength  of  wood 
in  tension  perpendicular  to  the  grain,  shear 
perpendicular  to  the  grain,  and  compression 
perpendicular  to  the  grain.  Because  wood  is 
relatively  weak  when  so  stressed,  tool  forces  are 
substantially  less  in  this  mode  than  in  the  90-0 
or  90-90  directions. 


PERPENDICULAR  TO  GRAIN: 
90-90  DIRECTION 

McKenzie  (1961)  recognized  two  chip 
types  when  cutting  a  variety  of  softwoods  and 
hardwoods  perpendicular  to  the  grain.  The  same 
general  types  were  observed  in  this  study  of 
loblolly  pine.  Average  cutting  forces  are 
relatively  constant  during  formation  of  Type  I 
chips.  Below  the  cutting  plane,  splits  occur 
parallel  to  the  grain.  The  splits  may  be  minute 
and  virtually  invisible,  in  which  case  the  surface 
is  quite  good  (fig.  17a),  or  they  may  be  fairly 
frequent  and  deep,  in  which  case  the  surface  is 
poor  (fig.  17c).  Each  subchip  above  the  cutting 
plane  is  formed  by  shear  along  the  grain. 


Figure  1 7  -McKenzie  Type  I  chips  formed  when  orthog- 
onally cutting  0.060-inch  deep  across  the 
grain  of  loblolly  pine  in  the  90-90  direction. 

A.  Latewood,  saturated,  rake  angle  45° . 

B.  Earlywood,  saturated,  rake  angle  25° . 

C.  Latewood  at  7 -percent  moisture  content, 
rake  angle  45°  ■ 


Cyclic  variation  of  average  cutting  forces 
with  successive  cuts  is  usual  when  Type  II  chips 
are  formed.  Failures  occur  perpendicular  to  the 
grain  and  at  a  variable  distance  below  the  cutting 
plane  (fig.  18).  After  the  initial  cut,  therefore, 
the  knife  edge  may  not  be  engaged  in  all 
portions  of  its  path.  The  mechanics  of  these  two 
chip  formations  are  explained  in  McKenzie 
(1961)  or  Koch  (1964,  pp.  93-109). 

Type  I  chips  and  good  surfaces  can  be 
achieved  by  cutting  the  wood  at  relatively  high 
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B 

Figure 


8.—McKenzie  Type  II  chips  formed  when 
orthogonally  cutting  loblolly  pine  earlywood 
of  7-percent  moisture  content  across  the 
grain  in  the  90-90  direction. 

A.  Rake  angle  45°,  0.060-inch  cut. 

B.  Rake  angle  25°,  0.045-inch  cut. 


moisture  content  with  a  very  sharp  knife  having 

a  high  rake  angle,  e.g.,  45°  (fig.  17a).  Although 

supporting  data  are  not  at  hand,  it  is  probable 

that  high  cutting  velocities,  e.g.,  10,000  feet  per 

minute,  are  conducive  to  formation  of  Type  I 

^hips.     Figure    19    suggests    the    idea    that    a 

high-velocity   cutter   might   be   resisted  by  the 

inertia    of    the     fibers,    and    therefore    could 

iccomplish  clean  severance  and  a  Type  I  chip.  It 

s    more    difficult    to    cut    a    Type    I    chip    in 

earlywood    than    in    latewood,    particularly    in 

■vood  of  low  moisture  content.  Type  II  chips  are 

nost  frequent  in  wood  of  low  moisture  content 

'.table  13). 

Cutting  fo  re  es.  -Cutting  forces  were 
itrongly  affected  by  cell  type,  moisture  content, 
'lepth  of  cut,  and  rake  angle  (table  14). 

When  averaged  over  all  rake  angles,  all 
lepths  of  cut,  and  both  cell  types,  maximum 
:utting  forces  per  0.1  inch  of  specimen  width 
ivere  negatively  correlated  with  wood  moisture 
rontent. 


Table  13. -Typical  chip  types  when  orthogonally 
cutting  loblolly  pine  across  the  grain  in 
the  90-90  direction ' 


Moisture  content 

and 

rake  angle 

(degrees) 

Chip  type2 

In 
earlywood 

In 
latewood 

Saturated 

25 

1 

35 

I 

45 

1 

15.5  percent 
25 
35 

II 
II 

(I) 

45 
7  percent 
25 
35 
45 

II 

II 
II 
II 

(I) 

II      (I) 
II      (I) 
II      0) 

Depths  ol  cut  ranged  from  0.01  5  to  0.0b0  inch  Cutting  velocity  was  2  inches 
per  minute,  clearance  angle  I  5° 
"The  first  number  in  each  entry  is  major  chip  type  as  classified  by  McKen/ie 
(  I%1  ).  a  second  number  in  parentheses  indicates  that  a  combination  ot  chip 
types  was  observed. 


Table  1 4. -Average  tool  forces  per  0.1  inch  of 
knife  when  orthogonally  cutting 
loblolly  pine  across  the  grain  in  the 
90-90  direction 


Factor 

Parallel 

Normal 

force 

force 

Pounds  - 

Cell  type 
Earlywood 
Latewood 

11.4 
33.6 

2.4 
-8.8 

Moisture  content,  percent 

7 

32.5 

-2.1 

15.5 

21.9 

-3.6 

Saturated 

13.1 

-3.9 

Depth  of  cut,  inch 
0.015 

12.4 

-1.3 

.030 

19.5 

-2.5 

.045 

26.2 

-3.7 

.060 

31.9 

-5.3 

Rake  angle,  degrees 
25 

28.2 

-.7 

35 

22.8 

-3.6 

45 

16.6 

-5.4 

'a  negative  normal  force  means  that  the  knife  tended  to  lift  the  workpiece. 
force  was  positive  when  the  knife  tended  to  push  the  woiKpiece  away. 
-All  knives  had  a  I  5W  clearance  angle,  cutting  velocity  2  inches  per  minute 
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Moisture  content 
(percent) 


Fn 


7 

15.5 
Saturated 


Lbs.  Lbs. 

43.3  6.8 

29.0  1.6 

16.6  -1.7 


Average  cutting  forces  displayed  a  similar 
negative  correlation.  Figure  20  and  tables  15 
through  1 8  give  a  detailed  view  of  interactions 
with  moisture  content.  From  figure  20  it  is 
seen  that  the  normal  force  was  positive  only  in 
dry  earlywood. 

Rake  angle  was  negatively  correlated  with 
parallel  (tables  15  and  16)  and  normal  tool  forces 
(tables  14,  17,18). 

Depth  of  cut  had  a  positive  Linear  correlation 
with  parallel  cutting  force  when  data  for  early- 
wood  and  latewood  were  pooled  over  all  moisture 
contents  and  rake  angles  (fig.  10b).  Figure  20 
illustrates  an  interaction;  normal  force  was  unaf- 
fected by  depth  of  cut  only  when  dry  earlywood 
was  cut  with  a  knife  having  a  45°  rake  angle. 

To  summarize  the  effects  of  the  major 
factors  in  90-90  cutting,  earlywood  and  late- 
wood  data  were  pooled  and  a  multiple  regression 


Figure  19.—  In  the  90-90  mode,  failure  at  the  cuttM 
edge  is  due  to  tension  across  the  cuttim 
plane. 


Table  15. -Parallel  tool  forces  per  0.1  inch  of  knife  when  orthogonally  cutting 
loblolly  pine  latewood  across  the  grain  in  the  90-90  direction  ' 


Depth  of  cut  and 

moisture  content 

(percent) 


0.015  inch 


Rake  angle,  degrees 


25 


35 


Pounds 


45 


7 

32.4 

(42.8) 

29.1 

(39.6) 

21.7 

(31.7) 

15.5 

22.8 

(27.7) 

18.2 

(22.9) 

13.5 

(17.7) 

Saturated 

11.8 

(14.8) 

11.7 

(14.3) 

6.2 

(7.8) 

0.030  inch 

7 

56.6 

(73.5) 

42.1 

(62.3) 

33.6 

(51.8) 

15.5 

37.9 

(45.5) 

24.5 

(32.2) 

17.6 

(24.7) 

Saturated 

20.2 

(24.4) 

20.4 

(24.9) 

10.0 

(13.5) 

0.045  inch 

7 

71.9 

(81.7) 

52.2 

(80.5) 

46.1 

(66.7) 

15.5 

53.7 

(66.0) 

33.8 

(43.7) 

24.3 

(34.2) 

Saturated 

26.3 

(31.8) 

27.3 

(32.4) 

14.0 

(18.9) 

0.060  inch 

7 

85.9 

(119.7) 

65.7 

(99.7) 

59.1 

(87.1) 

15.5 

68.0 

(80.5) 

38.4 

(53.4) 

28.1 

(40.7) 

Saturated 

31.8 

(37.4) 

35.6 

(42.0) 

17.5 

(24.1) 

The  firs!   number  in  each  entry   is 

maximum  forces  observed  in  the  five 

-Clearance  angle  I  5°  ,  cutting  velocity 


the  average  cutting  force,  the  number  following  in  parentheses  is  the  average  of  the 

replications. 

2  inches  per  minute. 


|Eqi 
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Fp,    PARALLEL    FORCE    (POUNDS    PER    O.I-INCH    OF   KNIFE) 

15  20  25       .0  25  50  75 


100 


EARLYWOOD 


LATEWOOD 


Figure  20.— Effect  of  depth  of  cut,  rake  angle,  and  moisture  content  on  average  cutting 
forces  for  earlywood  and  latewood  of  southern  pine;  90-90  cutting  direction, 
orthogonal,  15°  clearance  angle,  2  inches  per  minute  cutting  velocity. 


nalysis  was  made  to  relate  depth  of  cut  (inch), 
ike  angle  (degrees),  moisture  content  (ex- 
ressed  as  a  decimal  fraction),  and  specific 
jravity  (ovendry  volume  and  weight)  to  average 
arallel  and  normal  cutting  forces  per  0.1 -inch 
idth  of  specimen. 

(7) 


Fn    = 


0.285 
180.253    (specific  gravity)(depth  of  cut) 

/    depth  of  cut       \ 
\moisture  content  / 


(8) 


6.699! 


50.615 


^moisture  content 
(specific  gravity)(deptl 


?   =   + 

+ 


1.964 


moisture  content 


/specific  gravity  \ 
561-346V  rake  angle    ) 


■fc 


1  of  cutjl 
tent       J 


depth  of  cut H 

894.843  |  (mojsture  content)(rake  angle)J 


2,650.962 


[(specil 
(rake 


fie  gravity )( depth  of  cut) 
angle)  (moisture  content)! 


.quation  7  accounts  for  87  percent  of  the 
ariation  with  a  standard  error  of  the  estimate  of 
.8  pounds. 


Equation  8  accounts  for  82  percent  of  the 
variation  with  a  standard  error  of  the  estimate  of 
3.4  pounds. 
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Table  16. -Parallel  tool  force  per  0.1  inch  of  knife  when  orthogonally  cutting 
loblolly  pine  early  wood  across  the  grain  in  the  90-90  direction  l  > 


Depth  of  cut  and 

Rake  angle,  degrees 

(percent) 

25 

35 

45 

-  Pounds  - 

0.015  inch 

7 

8.9 

(11.0) 

9.3 

(11.9) 

7.1 

(10.2) 

15.5 

6.2 

(9.7) 

7.0 

(9.2) 

4.9 

(7.4) 

Saturated 

4.1 

(5.5) 

4.5 

(5.5) 

4.0 

(4.9) 

0.030  inch 

7 

15.0 

(19.5) 

14.0 

(19.5) 

11.0 

(14.8) 

15.5 

11.2 

(15.8) 

10.8 

(14.9) 

7.1 

(10.6) 

Saturated 

6.1 

(8.2) 

6.9 

(9.3) 

5.3 

(6.6) 

0.045  inch 

7 

21.8 

(27.5) 

19.6 

(27.3) 

13.4 

(18.6) 

15.5 

20.3 

(25.2) 

13.9 

(18.8) 

9.9 

(14.6) 

Saturated 

7.6 

(10.6) 

9.3 

(13.4) 

6.8 

(9.2) 

0.060  inch 

7 

24.4 

(34.1) 

24.0 

(32.5) 

15.5 

(24.8) 

15.5 

22.4 

(31.4) 

17.6 

(26.9) 

12.8 

(22.8) 

Saturated 

9.5 

(13.0) 

10.6 

(15.4) 

7.8 

(10.8) 

The  first   number  in  each  entry  is  the  average  cutting  force,  the  number  following  in  parentheses  is  the  average  of  the 
maximum  forces  observed  in  the  five  replications 
-(  learance  angle  I  5°  .  cutting  velocity  2  inches  per  minute 


Table  17  -Normal  tool  forces  per  0.1  inch  of  knife  when  orthogonally  cutting  loblolly  pine  latewood 

1    9 

across  the  grain  in  the  90-90  direction  9 


Depth  of  cut  and 
moisture  content 

Rake  angle,  degrees 

(percent) 

25 

35 

45 

Pounds 

0.015  inch 

7 

-1.7 

(-6.6  to 

3.8) 

-6.7 

(-12.0  to -1.6) 

-6.7 

(-12.3  to 

-1.3) 

15.5 

-3.1 

(-4.9  to 

-.9) 

-4.5 

(-6.4  to -1.4) 

-5.7 

(-8.1  to 

-2.6) 

Saturated 

-1.6 

(-2.7  to 

-.5) 

-3.1 

(-4.2  to -1.4) 

-2.3 

(-3.6  to 

-1.0) 

0.030  inch 

7 

-3.7 

(-11.6  to 

4.3) 

-11.2 

(-19.4  to -2.4) 

-12.0 

(-20.6  to 

-2.2) 

15.5 

-6.0 

(-8.6  to 

-2.9) 

-6.7 

(-10.3  to -2.5) 

-8.4 

(-12.2  to 

-3.0) 

Saturated 

-3.9 

(-5.6  to 

-2.1) 

-6.7 

(-8.7  to  -3.7) 

-5.1 

(-7.9  to 

-2.0) 

0.045  inch 

7 

-4.4 

(-15.5  to 

8.7) 

-13.2 

(-27.8  to  -2.2) 

-18.4 

(-31.1  to 

-2.5) 

15.5 

-10.1 

(-13.7  to 

-4.7) 

-10.2 

(-14.4  to -3.6) 

-12.1 

(-16.6  to 

-3.7) 

Saturated 

-5.7 

(-7.9  to 

-3.2) 

-9.8 

(-12.5  to -4.5) 

-7.9 

(-11.1  to 

-3.1) 

0.060  inch 

7 

-10.4 

(-24.4  to 

1.9) 

-18.4 

(-35.9  to -4.2) 

-25.0 

(-40.6  to 

-4.4) 

15.5 

-11.7 

(-16.1  to 

-4.5) 

-13.0 

(-18.7  to -4.4) 

-14.5 

(-21.9  to 

-4.7) 

Saturated 

-8.1 

(-10.1  to 

-4.4) 

-13.4 

(-16.7  to -7.5) 

-10.5 

(-14.8  to 

-3.6) 

The  lirsi  number  in  each  entry  is  the  average  cutting  force  the  numbers  following  in  parentheses  are  minimum  and  maximum  forces  (average  of  five  replications) 
-Clearance  angle  I  5"  .  culling  velocity  2  inches  per  minute 
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Table  18.  -Normal  tool  forces  per  0.1  inch  of  knife  when  orthogonally  cutting  loblolly  pine  early  wood 
across  the  grain  in  the  90-90  direction  • 


Depth  of  cut  and 

Rake 

angle,  degrees 

moisture  content 
(percent) 

25 

35 

- 

45 

Pounds  

0.015  inch 

7 

5.3 

(1.5  to    8.9) 

4.1 

(0.4  to 

7.7) 

2.2 

(-1.0  to 

6.3) 

15.5 

.8 

(-.8  to    2.4) 

.4 

(-1.3  to 

2.3) 

-.9 

(-2.1  to 

4) 

Saturated 

.0 

(-.4  to      .6) 

-.5 

(-1.1  to 

■  1) 

-.1 

(-.6  to 

.3) 

0.030  inch 

7 

8.8 

(1.9  to  16.2) 

7.4 

(.5  to 

14.9) 

3.0 

(-1.6  to 

8.4) 

15.5 

2.7         l 

;-1.0to    6.5) 

.7 

(-3.0  to 

4.8) 

-.9 

(-3.9  to 

2.6) 

Saturated 

-.5         < 

-1.3  to      .3) 

-1.5 

(-2.6  to 

-.5) 

-1.1 

(-1.8  to 

-.3) 

0.045  inch 

7 

13.2 

(2.7  to  20.7) 

8.7 

(.3  to 

17.1) 

3.8 

(-2.4  to 

10.0) 

15.5 

4.2         l 

[-2.7  to  10.9) 

2.5 

(-2.8  to 

8.7) 

-1.5 

(-5.8  to 

4.2) 

Saturated 

-.8         | 

-1.9  to      .2) 

-2.4 

(-4.2  to 

•9) 

-2.0 

(-3.5  to 

-.6) 

0.060  inch 

7 

14.6 

(2.8  to  28.7) 

9.5 

(-.2  to 

18.7) 

1.9 

(-4.5  to 

8.6) 

15.5 

7.7 

[-1.2  to  18.1) 

-4.7 

(-3.2  to 

13.1) 

-1.4 

(-6.9  to 

4.5) 

Saturated 

-1.4 

[-2.7  to      .0) 

-3.2 

(-5.2  to 

-1.3) 

-2.8 

(-4.7  to 

-1.1) 

The  first  number  in  each  entry  is  the  average  cutting  force,  the  numbers  following  in  parentheses  are  minimum  and  maximum  forces  (average  of  five  replications) 
Clearance  angle  1  5°  ,  cutting  velocity  2  inches  per  minute 


FORCE  COMPARISON  FOR 
THREE  CUTTING  DIRECTIONS 

Because  chip  formation  when  cutting  in  the 
fO-90  direction  requires  wood  to  be  failed  in 
ension  parallel  to  the  grain  (fig.  19),  parallel 
utting  forces  are  much  higher  than  in  the  0-90 
nd  90-0  directions.  While  the  data  in  table  19 
re  restricted  to  a  rake  angle  of  35°  and  one 
epth  of  cut,  the  trends  shown  are  valid  for  cuts 
torn  0.015  to  0.060  inch  deep  and  also  for  a 
ake  angle  of  25°. 

The  data  on  maximum  and  minimum  cut- 
jng  forces  reveal  some  figures  of  interest  to 
lachine  designers. 

In  the  90-0  (planing)  direction,  forces  were 
reatest  (per  0.1 -inch  of  knife)  for  0.060-inch 
its  in  latewood: 

Fp  was  maximum  at  87.3 
pounds  when  cutting  with  5° 
rake  angle  in  wood  at  7-per- 
cent moisture  content 


Fn  was  maximum  at  11.1 
pounds  when  cutting  with  5° 
rake  angle  in  wood  at 
15.5-percent  moisture  con- 
tent 

Fn  was  minimum  at  —5.9 
pounds  when  cutting  with 
35°  rake  angle  in  wood  at 
7-percent    moisture    content. 

In  the  0-90  (veneer)  direction,  forces  were 
greatest  (per  0.1 -inch  of  knife)  when  cutting 
0.060-inch  deep: 

Fp  was  maximum  at  26.9 
pounds  when  cutting  with 
25°  rake  angle  in  latewood  at 
7-percent    moisture    content 

Fn  was  maximum  at  4.3  pounds 
when  cutting  with  25°  rake 
angle  in  earlywood  at 
15.5-percent  moisture  con- 
tent 


23 


Fn  was  minimum  at  —9.5 
pounds  when  cutting  with 
45°  rake  angle  in  latewood  at 
7-percent    moisture    content. 

In  the  90-90  (crosscut)  direction,  forces 
(per  0.1 -inch  of  knife)  were  greatest  when 
cutting  0.060-inch  chips  at  7-percent  moisture 
content: 

Fp  was  maximum  at  1 19.7 
pounds  when  cutting  with 
25° rake  angle  in  latewood 

Fn  was  maximum  at  28.7 
pounds  when  cutting  with 
25°  rake  angle  in  earlywood 

Fn  was  minimum  at  —40.6 
pounds  when  cutting  with 
45° rake  angle  in  latewood. 

Table  19.- Average  parallel  tool  force  per  0.1  inch  of 
knife  where  orthogonally  cutting  loblolly 
pine  in  the  three  major  directions  with  a 
rake  angle  of  35°;  depth  of  cut  0.030  inch1 


Moisture 

content 

(percent) 


90-90 


'Clearance  angle.  15".  culling  velocity  2  inches  per  minute 
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Earlywood 

1.9 

1.8 

14.0 

Latewood 

2.5 

4.4 

42.1 

15.5 

Earlywood 

3.6 

3.5 

10.8 

Leney,  L. 

Latewood 

3.9 

6.4 

24.5 

1960 

Saturated 

Earlywood 

2.2 

2.2 

6.9 

Latewood 

2.3 

3.5 

20.4 
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Pine  Saplings 

R.  M.  Allen1  and  N.  M.  Scarbrough2 

In  longleaf  pine  (Pinus  palustris  Mill.)  saplings  growing  in  south- 
ern Mississippi  the  length  of  the  first  or  spring  flush  was  significantly 
correlated  with  that  of  the  second  flush;  the  correlation  of  length  be- 
tween flushes  two  and  three  was  also  statistically  significant.  The  cor- 
relations were  due  more  to  similarities  in  internode  elongation  than  to 
node  number. 

Flush  length  was  closely  correlated  with  number  of  nodes  and 
with  internode  elongation  in  the  second  and  third  flushes.  Probably 
because  a  severe  spring  drought  in  1963  reduced  the  growth  of  only 
those  trees  with  the  greatest  growth  potential,  length  of  the  first  flush 
of  that  year  was  correlated  with  number  of  nodes  but  not  with  inter- 
node elongation. 

During  periods  of  reasonably  good  growing  conditions  in  the  field, 
variation  in  node  number  accounted  for  almost  three  times  more  varia- 
tion in  flush  length  than  did  internode  elongation.  Over  a  range  of  an- 
nual environments,  variation  in  number  of  nodes  accounted  for  47  per- 
cent of  the  variation  in  length  of  the  spring  flush  and  74  percent  of 
that  of  summer  flushes. 

No  influence  of  one  flush  upon  another  was  detected  among  the 
flushes  of  growth  within  a  growing  season.  There  ivas,  however,  a 
negative  correlation  between  summer  growth  and  spring  growth  in  the 
following  year. 

A  thorough  understanding  of  the  elongation  process  could  lead  to  im- 
roved  methods  for  increasing  height  growth  of  southern  pines.  This  paper 
the  second  in  a  series  that  describes  detailed  studies  of  terminal  shoot 
longation.  Reported  here  are  correlations  between  some  morphological 
laracteristics  of  terminal  flushes  and  the  length  they  attain  in  longleaf 
ine  saplings. 


1  Belle  W.   Baruch   Professor  of   Forestry,   Department  of  Forestry,   Clemson   University,   Clemson, 
[■nth  Carolina.     Experimental   portion   of   this   paper  was   carried   out   when   the   author   was   with   the 

uthern    Forest   Experiment    Station,   USDA   Forest    Service. 

2  Forest   Besearch   Technician,   Southern   Forest   Experiment   Station,   USDA   Forest   Service,   Gulf- 
rt,  Mississippi. 
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A  brief  review  of  things  already  known  about  longleaf  pine  explains  th.i 
approach  taken  in  the  studies  described  here.  In  pines,  dwarf  shoot  pr: 
mordia  are  formed  in  the  axils  of  cataphylls  or  scales.  The  needles  ar 
initiated  from  the  apical  meristems  of  the  short  shoots. 

In  some  respects,  the  pattern  of  terminal  bud  development  in  longles 
pine  appears  to  follow  that  described  by  Sacher  (5)  for  P.  lambertian. 
Dougl.  Initiation  of  dwarf  shoot  primordia  for  P.  lambcrtiana  begins  in 
mid-May  in  Berkeley,  California,  and  continues  through  most  of  the  sum 
mer.  Internodal  elongation  takes  place  in  the  winter  bud  in  the  followim 
spring  and  essentially  all  of  the  activity  is  below  the  shoot  apical  meristenr 
The  shoot  apical  meristem  remains  relatively  inactive  until  sometime  in  thi 
grand  period  of  elongation,  when  it  starts  forming  the  next  bud.  Accordin 
to  Sacher  (5),  the  winter  bud  is  essentially  a  telescoped  shoot  which  coir 
tains  all  of  the  nodes3  of  next  spring's  flush  of  growth. 

Winter  buds  in  longleaf  pine  probably  do  not  start  to  form  until  somui 
time  in  late  summer.    In  a  study  in  southern  Mississippi  (J),  the  bud  b<>( 
came  readily  distinguishable  in  August.   It  began  elongating  in  late  Januarr 
but  there  was  no  visible  activity  in  the  bud  tip  until  about  40  days  late 
Rapid  elongation  of  the  second  flush  began  about  30  days  after  the  activitt 
in  the  bud  tip  was  noted  and  before  the  winter  bud  had  elongated  to  I 
percent  of  its  final  length.    This  activity,  as  in  P.  I amber tiana,  took  plac 
during  the  grand  period  of  growth  in  the  spring  flush  rather  than  after  e 
tension  growth  had  ceased  as  in  P.  ponderosa  Laws.     (5)  and  P.  resinoi 
Ait.  (4). 

The  number  of  nodes  in  a  given  flush  of  longleaf  pine  is  probab 
predetermined  in  the  bud,  and  none  are  laid  down  after  the  bud  star 
to  elongate.  The  growth  of  the  shoot,  then,  is  essentially  a  two-staj 
process,  the  formation  of  a  bud  and  its  subsequent  elongation.  A  study 
individual  shoots  of  number  of  nodes,  the  product  of  bud  formation,  ar 
length,  the  result  of  bud  formation  and  elongation,  should  give  some  ii 
sight  into  the  architecture  of  shoot  growth.  Therefore,  some  of  the  rel 
tionships  between  length  of  flush  and  number  of  dwarf  shoots,  i.e.,  ferti 
nodes,  were  examined. 


Methods  and  Results 


Measurements  were  made  in  the  fall  of  1963  on  the  first  three  flush 
of  1963  growth  of  longleaf  saplings  in  a  5-year-old  plantation  on  an  o  ( 
field.  The  numbers  of  dwarf  shoots  and  lengths  of  the  shoots  bearing  thei 
were  determined  for  the  spring  flush  on  93  saplings  and  for  the  secoiit 


3  In   the   present   discussion,   the   term    "node"   refers   to   the   point   of   attachment   of   a   citaphj 
the  space  between  two  succeeding  nodes  is  the  internode.    Node  does  not  refer  to  a  branch   whorl. 

-2- 


', 


:'i 


nd  third  flushes  of  61  of  the  saplings, 
n  addition,  length  of  the  sterile  cataphyll 
:one,  diameter  of  the  shoot  at  the  mid- 
point of  each  flush,  and  average  length 
>f  needles  at  the  midpoint  of  each  flush 
3d  vere  recorded  for  38  of  the  saplings. 

Another  measurement  involved  the  phyl- 
jd  otaxy  of  the  flushes.   If  the  nodes  are  con- 
in  lected  by   imaginary   lines,   a  number  of 
enielixes,  or  parastichies,  may  be  projected 
ipon  the  shoot  (fig.  1)   (2).   The  distance 
>etween    the    five   parastichous    intercepts 
:oi  earest   the   midpoint   of   each   flush   was 
leasured  to  estimate  internode  elongation 
see  arrows  in  fig.  1). 

Similar  measurements  were  made  on  the 
rst  flush  of  1964  growth  on  57  saplings 
om  the  same  plantation. 
Data  were  also  obtained  from  40  dorm- 
ant longleaf  pine  saplings  growing  in  a 
earby  plantation.  These  trees,  which  av- 
raged  about  20  feet  tall,  were  cut  in  the 
ill  of  1964,  the  length  of  each  flush  was 
ieasured,  and  dwarf  shoots  in  each  flush 
runted  for  the  year  1961  through  1964. 
The  correlations  between  some  growth 
M  pmponents  and  total  growth  were  de- 
staikmined  both  within  and  between  the 
ushes. 

The  average  length  of  the  zone  of  sterile 
Sttaphylls  was  practically  the  same  in  all 
[el  iree  flushes.  This  similarity  is  of  doubt- 
ett  il  importance  because  the  length  of  the 
erile  zone  of  the  spring  flush  relative  to 
ie  length  of  the  sterile  zone  in  the  third 
ush  varied  greatly  among  trees.  The 
ngth  of  the  sterile  cataphyll  zone  was  not 
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Figure  1.  Stem  of  long- 
leaf  pine  sapling  showing 
some  of  the  parastichies  that 
can  he  projected  from  the 
helical  arrangement  of  the 
nodes. 
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examined  in  detail  as  were  other  characteristics  of  shoots. 

The  spring  flush  was  about  three  times  the  length  of  the  second  or 
third  flush.  Approximately  the  same  difference  was  found  in  the  number 
of  nodes.  Internode  elongation  (the  distance  between  five  parastichous  in- 
tercepts) was  about  21  percent  greater  in  the  spring  flush  than  in  either 
the  second  or  third  flush. 

The  spring  flush  had  the  largest  diameter  of  the  three  flushes  at  time  f 
of  measurements,  but  it  also  was  the  oldest.    There  was  no  difference  in 
average  needle  length  among  the  three  flushes. 

Mean  values  for  the  various  measurements  are  given  in  table  1. 


Table  1.  —  Mean  values  of  some  characteristics  of  three  consecutive  flushes 
of  longleaf  pine  saplings 


Length  of 

Length  of 

Flush 

zone  of 

zone  of 

Dwarf 

Internode 

Stem 

Needle 

sterile 

dwarf 

shoots 

elongation1 

diameter 

length  1 

cataphylls 

shoots 

Cm. 

Cm. 

No. 

Cm. 

Mm. 

Cm.  1 

First 

2.8 

47.4 

415 

10.0 

29.0 

39.8   j 

Second 

3.0 

18,3 

172 

8.4 

25.3 

39.8  I 

Third 

3.0 

15.1 

150 

8.2 

22.1 

38.0  I 

1  Distance  between  five  parastichous  intercepts. 


Correlation'  With  Length  , 

For  1963  data,  correlations  were  computed  between  lengths  of  flushes  if 
and  various  attributes  of  the  shoot  within  the  flush  for  the  first  three  flushes  4 
of  growth  in  the  38  trees : 

Comparison 

Length  with  number  of  nodes 
Length  with  stem  diameter 
Length  with  internode  elongation 
Length  with  needle  length 

Length  was  not  correlated  with  stem  diameter  in  any  of  the  flushes. 
Apparently  those  factors  which  are  important  in  determining  shoot  length 


First 

Second 

Third 

flush 

flush 

flush 

0.73° 

0.76° 

0.88° 

.10 

.06 

.12 

.14 

.56° 

.56' 

.17 

-.10 

.02 

Denotes   statistical   significance   at   the   5-percent   level   of   confidence— the   level    used    throughout 
iIm     paper. 
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ire  not  important  in  determining  initial  shoot  diameter.    Shoot  length  was 
lot  correlated  with  needle  length. 

In  the  second  and  third  flushes,  length  was  positively  correlated  with 
lumber  of  nodes  and  estimated  internode  elongation.  Evidently,  in  these 
wo  flushes  the  factors  operating  within  the  tree  and  in  the  environment 
o  control  the  number  of  nodes  that  were  formed  similarly  influenced 
nternode  elongation. 

Spring  flush  length  was  correlated  with  number  of  nodes,  but  not 
nternode  elongation.  To  further  explore  the  possible  relation  between 
umber  of  nodes  and  flush  length,  the  data  were  grouped  and  the  two 
ariables  were  plotted  against  each  other  in  figure  2.  While  length  was 
ndeed  correlated  with  number  of  nodes  in  the  spring  flush,  the  relation- 
ihip  was  curvilinear.  Length  increased  at  a  decreasing  rate  with  increases 
n  the  number  of  nodes. 
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Figure  2.    The  relation  of  flush  length   to  number  of  dwarf  shoots  for  the  first 
\ree  flushes  of  growth  of  longleaf  saplings  in  1963. 
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To  clarify  growth  relationships  in  the  spring  flush,  internode  elonga- 
tion was  plotted  over  number  of  nodes.  The  curve  was  constructed 
graphically  with  data  from  the  spring  flush  of  the  38  saplings  (fig.  3). 
The  linear  coefficient  of  determination  for  the  data  of  figure  3  was  zero, 
but  74  percent  of  the  variation  in  internode  elongation  was  accounted  for 
by  the  variation  in  node  number  with  the  curve. 


100      200      300      400      500      600 
NUMBER  OF  DWARF  SHOOTS 

Figure  3.    Relationship  between  length  of  internode  and  number  of  dwarf  shoots 
in  the  spring  flush  of  longleaf  saplings. 

The  effect  of  number  of  nodes  on  internodal  elongation  explained  I 
the  curvilinearity  in  figure  2.  Up  to  about  400  nodes,  the  increase  in  length 
of  the  spring  flush  was  largely  linear,  but  with  further  increases  in  number 
of  nodes,  the  rate  of  increase  in  flush  length  declined  due  to  the  decreas- 
ing amount  of  internode  elongation.  The  second  or  third  flushes  of  these  i 
trees  did  not  have  over  400  nodes,  and  total  length  increased  in  about  the 
same  manner  as  in  spring  flushes  with  less  than  400  nodes.  These  rela- 
tionships between  number  of  nodes  and  internode  elongation  also  account 
for  the  lack  of  correlation  between  length  and  internode  elongation  in  the 
spring  flush  when  such  correlation  was  found  in  the  second  and  third 
flushes. 

A  biological  explanation  can  be  proposed  for  the  curvilinear  response 
of  internode  length  with  number  of  nodes.   The  very  dry  April  1963  (table 
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rf2)  could  have  affected  those  saplings  with  many  nodes  more  than  those 
jkvith  fewer  nodes— especially  if  saplings  with  relatively  few  nodes  had  a 
jpifferent  pattern  of  elongation  than  those  with  many  nodes.  These  possi- 
bilities were  investigated. 

Table  2.— Monthly  rainfall  at  Harrison  Experimental  Forest,  Saucier,  Mississippi 


llonth 

Year 

1946-63 

1961 

1962 

1963 

1964 

average 

-      l  ncnes 

January 

5.63 

6.06 

4.79 

8.16 

4.52 

February 

9.52 

5.10 

5.02 

4.41 

4.46 

March 

10.80 

3.49 

2.28 

4.53 

7.42 

ftpril 

5.72 

2.23 

.92 

10.89 

5.28 

>Iay 

3.51 

1.62 

5.94 

1.95 

5.44- 

•  une 

7.87 

7.43 

5.20 

4.54 

6.19 

uly 

7.41 

4.10 

12.08 

10.72 

9.80 

\ 

kugust 

8.13 

6.47 

3.23 

6.47 

7.13 

veptembe 

r              9.79 

5.39 

3.95 

6.23 

8.09 

October 

3.07 

3.30 

.65 

3.88 

2.60 

:>Iovembei 

7.87 

2.65 

4.71 

4.68 

4.13 

yecembei 
Total 

7.37 

4.23 

6.82 

3.55 

5.37 

86.69 

52.07 

55.59 

70.01 

70.43 

Elongation  patterns— To  check  the  elongation  pattern  in  a  wet  spring 
■  1961),  five  saplings  with  an  average  spring  flush  length  of  56  cm.  (pre- 
'  umably  averaging  about  565  nodes  as  in  figure  2)  were  compared  with 
-  ive  saplings  whose  average  spring  flush  length  was  26  cm.  (presumably 
•  "veraging  about  190  nodes).  The  saplings  were  untreated  controls  from  a 
:   'irdling-defoliation  study  described  previously  (I).    Length  of  the  spring 

lush  was  measured  weekly  from  early  February  before  elongation  started 
i  ntil  mid-May  when  elongation  was  completed  in  the  spring  flush  on  all 
l  aplings.  The  date  when  elongation  started  in  the  bud  of  the  second  flush 
i    fas  noted.    Average  weekly  height  increments  (as  percents  of  the  total) 

f  the  two  sets  of  trees  are  given  in  figure  4. 

Saplings  with  the  long  spring  flush  made  less  of  their  growth  prior 
!)  the  appearance  of  the  bud  of  the  second  flush  than  saplings  with  the 
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Figure  4.    Periodic  growth  (expressed  as  percent  of  the  total)  of  the  spring  flush 
Unas  with  a  lone,  spring  or  a  short  spring  flush. 


Figure  4.    Periodic  growth  (expressed  as  percent  of  the  i 
of  longleaf  saplings  with  a  long  spring  or  a  short  spring  flush. 

short  spring  flush.  A  dry  April  would  have  more  effect  on  those  saplings 
making  a  long  spring  flush,  because  less  of  their  growth  would  have  oc- 
curred prior  to  the  drought. 

The  reduction  in  growth  rate,  which  caused  the  valley  in  the  growth 
curve  of  the  saplings  with  the  long  spring  flush,  coincided  with  an  un- 
seasonable cold  period  in  early  April.  Although  we  do  not  know  what 
the  growth  rates  would  have  been  had  the  cold  weather  not  occurred,  it 
seems  apparent  that  the  average  response  to  cold  by  the  trees  which  made 
a  long  flush  of  spring  growth  was  different  from  that  by  trees  which 
made  a  short  flush. 

Moisture  conditions— In   contrast  to   1963,   moisture  conditions   were 


favorable  during  elongation  of  the  spring  flush  in  1964  (table  2).  To 
measure  the  effects  of  differences  in  growing  conditions,  the  length  of 
:he  spring  flush,  number  of  nodes,  and  internode  length  were  recorded 
:or  57  longleaf  saplings  in  the  same  manner  as  in  1963.  The  data  were 
grouped  into  classes  and  plotted  in  figure  5.  The  linear  correlation  co- 
efficient between  flush  length  and  number  of  nodes  was  0.83*  (as  deter- 
mined from  the  individual  tree  data,  not  the  grouped  data).  Further- 
more, grouping  and  plotting  internode  elongation  over  number  of  nodes 
;ave  no  suggestion  of  the  curvilinearity  found  in  1963  and  shown  in 
|igure  3. 
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Figure  5.    Relation  of  flush  length  to  number  of  dwarf  shoots  for  the  first  flush 
f  1964  growth. 


The  correlation  between  flush  length  and  internode  elongation  was 
148*  in  1964;  it  was  0.14  in  1963. 

The  curvilinear  relationship  obtained  in  1963  between  internode  length 
nd  number  of  nodes  was  apparently  due  to  drought  in  late  April  and 
arly  May.  Saplings  with  a  large  number  of  nodes  were  probably  affected 
jiore  than  those  with  fewer  nodes  because  of  the  difference  in  growth 
atterns  discussed  in  relation  to  figure  4.   Also,  saplings  with  more  needles 
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in  the  spring  flush  had  greater  transpiring  surface,  which  may  have  caused 
internal  water  deficits  in  the  shoot. 

Length  of  a  Flush 

To  determine  the  relative  importance  of  number  of  nodes  and  inter-  I 
node  elongation  in  determining  flush  length,  the  third  flush  in  1963  ( sum- 
mer) and  the  first  in  1964  (spring)  were  examined.    These  flushes  were' •; 
chosen  because  growing  conditions  were  favorable  during  their  formation 
and  elongation.   The  correlation  coefficients  were: 

Comparison  Spring  flush        Summer  flush      i 

Length  with  number  of  nodes  0.83*  0.88c 

Length  with  internode  elongation  .48°  .56° 

In  the  spring  flush  the  multiple  correlation  coefficient  of  length  (1) 
with  number  of  nodes  (n)  and  internode  elongation  (e)  with  0.87°.    The 
partial  coefficients  were  about  the  same  magnitude  as  the  simple  correla-i- 
tions:   R]ne  =  0.82°   and  Rjen  =  0.43*.    The  multiple  correlation  coeffi-i-i 

cient  for  the  summer  flush  was  Ri      =  0.92",  and  the  partial  correlation  i.. 

coefficients  were  Ri       =  0.88*  and  Rje     =  0.53*.   The  similarity  between  r 

the  simple  and  the  partial  correlation  coefficients  show  that  the  simple 
correlations  were  not  materially  influenced  by  intercorrelations. 

In  the  above  examples,  which  were  chosen  because  of  favorable  en-' 
vironmental  conditions,  variation  in  number  of  nodes  explained  77  percent 
of  the  variation  among  trees  in  the  length  of  the  summer  flush  and  69 
percent  in  the  spring  flush.  Variation  in  internode  elongation  explained 
30  and  23  percent,  respectively,  of  the  variation  in  length  of  the  two  . 
flushes.  Thus,  changes  in  number  of  nodes  accounted  for  almost  three 
times  as  much  variation  in  flush  length  as  did  changes  in  internode  elonga- 
tion. It  should  be  noted  that  the  estimate  of  internode  elongation  was 
taken  from  the  center  of  the  flush  and  does  not  take  into  account  the  re- 
duced elongation  usually  found  at  either  end.  Then  too,  the  phyllotaxy 
was  not  consistent  from  tree  to  tree,  and  some  experimental  error  may 
have  been  introduced  into  the  internode  elongation  estimate  by  differ- 
ences among  trees  in  helical  base.  The  node  data  were  more  precise  but 
contained  some  error  because  variations  in  diameter  were  ignored.  In 
spite  of  these  deficiences,  it  seems  apparent  that  in  these  examples  more 
of  the  variability  of  flush  length  originated  in  the  formation  of  the  bud 
than  in  bud  elongation. 

The  above  examples,  however,  do  not  reveal  what  variation  in  number 
of  nodes  or  internode  elongation  might  contribute  to  the  variation  in 
flush  length  over  a  range  in  conditions.    There  was  little  difference  in 
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khe  variation  explained  by  each  between  the  second  and  the  third  flush 
in  the  1963  data  but  there  were  differences  in  the  relative  contribution  of 
bach  between  the  spring  flush  of  1963  and  that  of  1964. 

We  do  not  have  additional  data  on  internode  elongation;  however, 
>he  relationships  between  number  of  nodes  and  flush  length  were  ex- 
amined for  the  spring  flush  and  for  the  summer  growth4  in  40  dominant 
jongleaf  pine  saplings.  For  the  summer  growth,  the  amount  of  variation 
In  length  among  trees  explained  by  the  number  of  nodes  ranged  from  a 
low  of  64  percent  in  1964  to  81  percent  in  1962;  the  average  for  all  4 
/ears  (1961  through  1964)  was  74  percent.  For  the  spring  flush,  the 
range  was  from  30  to  62  percent  and  an  average  of  47  percent  of  the 
i/ariation  in  this  flush's  length  was  accounted  for  by  variation  in  node 
lumber. 

delations  Between  Flushes 

Correlation  coefficients  were  determined  for  the  relation  of  length, 
iiumber  of  nodes,  and  internode  elongation  between  the  different  flushes: 

Internode 
Comparison  Length        Number  of  nodes      elongation 

I  Between  flush  1  and  2  0.43*  0.33°  0.64° 

l|  Between  flush  1  and  3  .24  .16  .46° 

i  Between  flush  2  and  3  .39°  .12  .72* 

The  correlations  in  length  were  mainly  due  to  a  correlation  in  inter- 
kode  elongation.  Evidently  those  factors  controlling  internode  elongation 
Vere  similar  in  each  flush,  but  there  was  little  evidence  that  early  flushes 
nfluenced  the  number  of  nodes  produced  in  subsequent  flushes. 

Conversely,  the  second  flush  did  not  materially  influence  the  elonga- 
ion  of  the  first.  This  result  was  obtained  in  a  separate  study  where  the 
ffect  of  the  second  flush  on  the  spring  flush  was  examined  in  the  spring 
f  1964  on  saplings  in  the  plantation  that  provided  data  for  length  cor- 
elations. 

Buds  of  the  second  flush  were  removed  as  soon  as  they  were  recog- 
ized  (between  April  20-23)  on  10  saplings.  The  stumps  were  coated 
/ith  lanolin  immediately  after  removal  of  the  buds.  Each  sapling  was 
mred  with  an  untreated  control  sapling  that  had  approximately  the  same 
mount  of  elongation  as  the  treated  sapling  at  treatment  time.  Elongations 
f  the  spring  flush  of  both  treated  saplings  and  controls  were  measured 
/eekly  from  April   17  through  May  21,  when   elongation   ceased  in  the 


4  Summation  of  the   lengths  of  the   zones   bearing  dwarf   shoots   of   all    flushes,   except  the   spring 
ush,   of   a   growing  season. 
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spring  flush.  At  no  time  was  there  any  significant  difference  between  the 
treated  saplings  and  the  controls,  either  in  pattern  or  total  amount  of 
elongation  of  the  spring  flush. 

Measurements  on  the  40  dominant  longleaf  saplings  made  it  possible 
to  determine  the  correlations  between  1961  summer  growth  and  1962 
spring  growth,  1962  summer  growth  and  1963  spring,  and  1963  summer 
and  1964  spring: 

Comparison  Correlation  coefficient 

1961  summer:  1962  spring  -0.13 

1962  summer:  1963  spring  -    .35° 

1963  summer:  1964  spring  -    .26 

Although  the  correlations  were  statistically  significant  in  only  one  oH 
the  comparisons,  it  is  important  that  in  all  three  the  tendency  was  for  a 
negative  relationship  between  summer  growth  and  spring  growth  in  the  fol- 
lowing year. 

One  might  expect  the  correlation  between  number  of  flushes  of  sum-i 
mer  growth  and  length  of  spring  growth  in  the  following  year  to  be  some- 
what stronger  than  the  length:length  correlation.    The  number  of  flushes:  ' 
spring  growth  correlations  for  the  different  years  were: 

Comparison  Correlation  coefficient 

1961  summer:  1962  spring  -  0.39" 

1962  summer:  1963  spring  -    .30* 

1963  summer:  1964  spring  -    .53" 

A  still  more  valid  comparison  might  be  that  between  the  number  of 
summer  flushes  and  number  of  dwarf  shoots  in  the  spring  flush,  because 
we  are  primarily  concerned  with  effect  of  the  summer  growth  on  winter- 
bud  formation,  and  the  length  of  the  spring  flush  is  influenced  by  spring 
environment.  The  correlations  of  number  of  summer  flushes: number  of 
dwarf  shoots  on  the  spring  flush  for  the  different  years  were: 

Comparison  Correlation  coefficient 

1961  summer:  1962  spring  -0.59' 

1962  summer:  1963  spring 

1963  summer:  1964  spring 

There  was  no  biological  reason  evident  in  the  data  for  the  lack  of  a  sig- 
nificant correlation  between  number  of  flushes  in  the  summer  of  1962 
and  number  of  dwarf  shoots  on  the  1963  spring  flush. 

The  correlations  show  there  was  a  negative  relationship  between 
summer  growth  and  growth  the  following  spring;   those  trees  that  grew  j 
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^jpore  in  the  summer  tended  to  grow  less  the  following  spring.  Did  the 
Jame  relationship  hold  within  the  trees  as  among  them?  The  relationship 
between  the  length  of  summer  growth  and  the  number  of  dwarf  shoots  of 

.  he  spring  flush  within  the  trees  was  determined  by  using  a  covariance 
jnalysis5  to  remove  the  variation  due  to  differences  in  vigor  among  trees. 

ri.  significant  negative  linear  regression  coefficient  indicated  that  in  a  year 
)j/hen  a  tree  makes  more  than  its  average  amount  of  summer  growth  the 

lumber  of  dwarf  shoots  is  reduced  in  the  first  flush  of  the  next  year. 

The  same  type  of  analysis  was  employed  to  see  if  the  spring  flush 
ixerted  any  influence  on  the  second  flush  in  the  same  year.  For  1961- 
1964,  both  length: length  and  the  length: dwarf  shoot  relationships  were 
jnalyzed.  No  significant  relationship  was  obtained.  It  was  concluded, 
aerefore,  that  growth  of  the  second  flush  is  largely  independent  of  spring 
:  jrowth  within  a  tree. 

Discussion 

It  has  been  shown  here  that  the  number  of  nodes  formed  in  the  bud 
an  excellent  index  of  the  elongation  potential  of  the  terminal  bud.  The 
suits  also  demonstrate  the  very  important  relationship  between  the  vari- 
tion  in  bud  formation  and  that  of  flush  length.  The  data  strongly  sup- 
jort  Duff  and  Nolan's  (3)  observation  that  if  conditions  are  favorable 
uring  bud  formation  the  length  of  the  resulting  flush  will  usually  be 
irge  despite  the  environmental  conditions  during  extension  growth.  They 
Iso  note  that  favorable  conditions  during  extension  growth  will  not  usually 
Ffset  the  reduction  in  flush  length  attributable  to  a  puny  bud  that  re- 
ilted  from  unfavorable  conditions  during  its  formation. 

!  Under  weather  conditions  deemed  favorable  for  both  bud  formation 
ad  extension  growth,  about  three  times  as  much  of  the  variation  in  flush 
mgth  among  trees  was  accounted  for  by  differences  in  the  number  of 
odes  than  by  differences  in  internode  elongation  in  the  longleaf  pines 
udied.  Under  these  conditions,  variation  in  number  of  nodes  explained 
7  percent  of  the  variation  in  length  of  a  summer  flush  and  69  percent 
:  that  in  the  spring  flush.  On  the  average,  however,  74  percent  of  the 
iriation  in  summer  growth  and  47  percent  of  that  in  the  spring  flush 
ere  accounted  for  by  the  variation  in  node  number. 

The  1963  data  showed  how  adverse  weather,  in  this  case  growth,  can 

;duce  the  growth  of  trees  with  a  high  growth  potential  and  leave  those 

lees  with  a  lower  potential  relatively  unaffected.    In  1962,  growth  rates 

trees  making  a  long  spring  flush  appeared  to  be  affected  differently 


5  Dr.    C.    B.    Loadholt    of    the    Department    of    Experimental    Statistics,    Clemson    University,    did 
covariance   analyses. 
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by  a  period  of  cold  weather  than  those  making  a  short  flush.  These  olw 
servations  illustrate  how  adverse  conditions  can  differentially  affect  then! 
growths  of  individual  trees. 

The  timing  of  the  occurrences  was  no  doubt  of  importance  in  both  I 
of  these  instances.  Two  trees  in  the  same  stage  of  growth,  for  example.'' 
might  respond  the  same  to  a  given  adverse  weather  condition,  but  theii  | 
responses  might  be  considerably  different  if  they  happened  to  be  in 
slightly  different  stages  of  growth.  Many  such  events  probably  occur  al 
random,  and,  although  they  are  of  considerable  importance  in  contributingi|j 
to  the  variation  among  trees  in  a  given  year,  they  may  tend  to  average 
out  over  a  long  period.  Not  all  of  the  responses  to  adverse  weather  corn; 
ditions  occur  at  random,  however.  Some  trees,  by  virtue  of  their  genetic | 
constitution  or  their  location  in  the  stand,  are  not  able  to  withstand  owl 
recuperate  from  the  effects  of  adverse  weather  as  well  as  other  trees,  and.il! 
as  a  consequence,  they  are  at  a  competitive  disadvantage. 

Internode  elongation  in  different  flushes  were  correlated  in  individual 
trees.  Correlation  coefficients  were:  between  flushes  1  and  2,  0.64°;  ] 
and  3,  0.46°;  and  2  and  3,  0.72°.  Node  number  was  not  as  strongly  com] 
related;  the  respective  correlation  coefficients  were  0.33°,  0.16,  and  0.12.. 
Variation  in  the  number  of  nodes  from  flush  to  flush  within  the  tree  islj 
therefore  viewed  as  being  influenced  more  by  external  factors  than  s|j 
internode  elongation. 

An  inverse  relationship  was  observed  between  the  amount  of  summei 
growth  and  the  amount  of  spring  growth  the  following  year.  The  rela- 
tionship may  be  one  of  time.  When  trees  put  on  more  than  the  average 
amount  of  summer  growth  they  may  simply  have  less  reserves  and  time 
remaining  in  the  growing  season  for  the  formation  of  the  winter  bud.' 
Conversely,  when  trees  make  less  than  the  average  amount  of  summei 
growth  they  have  more  time  for  winter-bud  formation.  As  a  result,  the 
length  of  the  spring  flush  may  be  increased.  Such  relationships  would 
tend  to  increase  the  amount  of  variation  in  terminal  growth  from  one  year 
to  the  next,  especially  in  view  of  the  fact  that  no  influence  of  the  spring 
flush  on  summer  growth  was  detected. 
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Hydrologic  Effects  of  Prescribed  Burning  and  Deadening 
Upland  Hardwoods  in  Northern  Mississippi 


S.  J.  Ursic1 


In  the  South,  many  unproductive  stands  of  up- 
ld  hardwoods  are  being  converted  to  pine.  Direct 
?ding,  which  is  cheaper  than  planting,  general- 
requires  the  baring  of  mineral  soil.  Fire  is  the 
>st  practical  way  of  preparing  seedbeds,  but 
id  managers  are  increasingly  apprehensive  about 
rning  where  the  potential  for  increasing  erosion 
d  surface  runoff  is  high.  This  paper  reports  the 
/ear  effects  of  a  single  prescribed  burn  plus 
adening  of  hardwoods  on  two  small  watersheds 
northern  Mississippi,  where  soils  are  extremely 
jsive. 

Rainfall,  runoff,  and  sediment  were  recorded 
three  small  watersheds  from  1958  through 
63.  Two  watersheds  were  then  burned,  the 
rdwoods  on  them  were  deadened,  and  loblolly 
ties  were  planted.  The  third  watershed  was  main- 
Tied  as  the  untreated  control.  Relationship  be- 
een  each  treated  watershed  and  the  control  were 
tablished  from  the  pretreatment  records.  These 
lationships  served  as  a  base  for  evaluating  hydro- 
pic behavior  of  the  watersheds  after  treatment, 
le  composition  and  distribution  of  materials  on 
e  forest  floor  were  also  determined  before  and 
ter  treatment. 

The  long-term  objective  of  the  study  is  to  de- 
rmine.  the  hydrologic  effects  of  converting  from 
rdwoods  to  loblolly  pine.  The  effects  of  burn- 
g  and  hardwood  deadening  reported  here  could 
■  isolated  because  the  treatment  increased  storm- 
)w  volumes,  and  any  decreases  caused  by  the 
nes  were  negligible  during  the  first  3  years  af- 
r  planting. 


1  Principal  Hydrologist  at  the  Forest  Hydrology  Laboratory,  Ox- 
d,  Miss.  The  Laboratory  is  maintained  by  the  Southern  Forest 
periment  Station  in  cooperation  with  the  University  of  Mississippi, 
e  study  was  installed  with  the  cooperation  of  the  Soil  Conserva- 
n   Service. 


STUDY  WATERSHEDS 

The  study  area  is  on  the  Upper  Coastal  Plain 
in  northern  Mississippi.  The  mean  annual  pre- 
cipitation of  53.3  inches  is  fairly  well  distributed 
throughout  the  year.  Mean  daily  temperature  is 
63.1°  F.  Average  dates  of  the  first  and  last  frosts 
are  November  7  and  March  28;  thus,  length  of  the 
frost-free  season  averages  224  days. 

All  three  watersheds  have  a  history  of  grazing 
and  burning  abuse  and  have  suffered  sheet  ero- 
sion, but  no  gullies  are  present.  Slopes  range  up 
to  10  percent  on  ridges  and  up  to  45  percent  on 
the  hillsides. 

Northern  Mississippi  is  underlain  by  deep  un- 
consolidated strata  of  sands  and  clays.  Upland 
soils  are  typically  sandy,  but  the  study  area  is  on 
the  eastern  fringe  of  a  loessial  blanket.  Loess  com- 
monly occupies  the  ridges  and  upper  slopes.  Wa- 
tershed I  has  Loring  silt  loam  and  Providence 
silt  loam  (loess)  soils  on  the  upper  slopes,  which 
cover  65  percent  of  the  2.56-acre  drainage,  and 
Ruston  sandy  loam  on  lower  slopes,  which  cover 
the  rest  of  the  area.  It  has  a  49-foot  range  in 
elevation  from  the  watershed  divide  to  the  meas- 
uring flume. 

Watershed  II  has  Providence  silt  loam  on  the 
upper  slopes,  which  make  up  34  percent  of  the 
drainage,  and  Ruston  sandy  loam  on  the  re- 
mainder, the  lower  slopes.  It  covers  2.12  acres  and 
has  a  58-foot  range  in  elevation. 

Watershed  III  is  all  Providence  silt  loam.  It 
drains  2.13  acres  and  has  a  44-foot  range  in 
elevation. 

The  untreated  watershed  was  selected  on  the 
basis  of  soils.  Watershed  III  with  all  silt  loam 
(loess)  soils  and  Watershed  II  with  two-thirds  of 
its  area  covered  by  sandy  loam  were  treated  iden- 


tically.   Watershed  I,  intermediate  with  respect  to 
soils,  served  as  the  common  control. 

Before  treatment  the  tree  cover  consisted  largely 
of  post  oak  (Quercus  stellata  Wangenh.),  hick- 
ories (Carya  spp. ),  and  blackjack  oak  (Quercus 
marilandica  Muenchh.).  The  stands,  which  were 
completely  inventoried,  contained  an  average  of 
215  trees  per  acre  larger  than  0.5  inch  d.b.h.; 
half  the  trees  were  cull.  Basal  area  per  acre 
averaged  52  square  feet,  23  square  feet  of  which 
were  cull  (table  1).  Merchantable  volume  was 
about  570  board  feet  per  acre. 

Litter  and  Herbaceous  Vegetation 

Watersheds  were  divided  into  V4  acre  hexagonal 
blocks.  The  distribution  of  ground  cover  was  de- 
termined from  two  permanent  1-chain  transects 
selected  at  random  bearings  from  the  center  of 
seven  blocks  on  each  watershed.  A  1-chain  tape 
was  stretched  tightly  along  each  transect  and  the 
cover  under  each  link  recorded. 

Litter  and  fermentation  layers  were  sampled 
separately  on  two  0.96-square-foot  plots  at  random 
distances  along  each  transect.  There  were  28 
samples  per  watershed.  Residual  amounts  of  the 
F  layer,  after  drying  and  screening,  were  deter- 
mined by  loss  on  ignition.  Grasses  and  herbaceous 
material  were  clipped  1  inch  above  the  groundline 
on  enlargements  (4.8  square  feet)  of  the  litter 
plots. 

The  forest  floor  on  the  three  watersheds  aver- 
aged 0.75  inch  in  depth.  The  depth  of  the  Aj  soil 
horizon  averaged  0.81  inch.  The  0-  to  2-inch  soil 
layer  had  an  average  bulk  density  of  1.07  g.  per 


cc.  and  contained  3.84  percent  organic  matte 
weight.  The  amount  of  bare  soil  exposed  1 
aged  1  percent. 

METHODS 

Watershed  Treatment 

Watersheds  II  and  III  were  burned  with  a 
backfire  on  December  19,  1963   (fig.  1).    Tc 
termine  their  long-term  effects,   1-0  loblolly 
seedlings  were  planted  on  the  two  burned  w 
sheds   on   March   12,    1964.    The   seedlings 
planted  with  dibbles  at  a  6-  by  6-foot  spacin; 
is   assumed  that   the  planting  operation   and 
development  of  the  pines  through  1966  had 
hydrologic   effect.    The   watersheds   were  pk 
rather    than    seeded    to    help    ensure    a    uni 
stand. 

The  overstory  on  the  two  burned  waters 
was  treated  on  May  13-14,  1964.  Undiluted  S 
amine  was  injected  into  the  bases  of  all  s 
1  inch  in  diameter  and  larger.  The  remaining  s 
were  cut  and  the  stumps  mopped  with  a  mi: 
of  2,4-D  and  2,4,5-T  in  diesel  fuel  on  June 
1964. 

Annual  rainfall  on  the  watersheds  averaged 
inches  in  1964,  40.5  in  1965,  and  50.5  in  I 
Deviations  from  the  long-term  mean  were  + 
—12.8,  and  —2.8  inches.  Thus,  after  treatment  i 
was  a  wet  year,  a  dry  year,  and  a  year  with  m 
average  rainfall.  Rainfall  distribution,  how 
was  atypical  and  runoff  from  the  control  for 
of  the  post-treatment  years  exceeded  the  pret 
ment  mean.  In  1965,  no  runoff  occurred 
March  29.    Monthly  rainfall  and  runoff  during 


Table  1.—  Average  number  of  trees  and  basal  area  per  acre 


Watershed 
No. 

Trees1 

Basal  area1 

Growing 
stock 

Culia 

Total 

Growing 
stock 

Cull2 

Total 

—  Number  - 





Square  feet  — 



I 

98 

84 

182 

24 

21 

45 

II 

108 

120 

228 

25 

26 

51 

III 

117 

117 

234 

38 

21 

59 

Mean 

108 

107 

215 

29 

23 

52 

1  Includes  all  stems  over  0.5-inch  d.b.h. 

2  All  blackjack  oak  considered  cull. 
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Figure  l.—The  watersheds  were  burned  with  a  slow  backfire  on  December  19,  1963. 


udy  period  are  given  in  Appendix  tables  8  and 

istrumentation 

Three-foot  H-flumes  equipped  with  water-stage 
reorders  measure  runoff  from  the  watersheds 
5,  pp.  22-24).  Deposited  sediment  is  collected  in 
uicrete  approach  sections.  Samples  for  suspended 
:diment  determinations  are  obtained  with  a  Cosh- 
cton  wheel  sampler  (3). 

The  three  watersheds  are  contiguous.  A  record- 
!g  rain  gage  is  located  near  the  center  of  the 
udy  area,  and  six  nonrecording  gages  form  a 
?twork  over  the  area. 

alibration 

The  paired  watershed  approach  was  taken.  Wilm 
L  8)  presented  analytical  methods  for  determining 
le  adequacy  of  calibration  of  annual  discharge 
lam  paired  watersheds,  and  Kovner  and  Evans 
I)  extended  them.  Reinhart  (4)  applied  these 
lethods  to  monthly  and  seasonal  yields  and  to 
]'ak  and  low  flows.  Runoff  from  the  study  water- 
;eds  was  largely  ephemeral,  and  main  reliance 
us  placed  on  calibration  relationships  based  on 
i dividual  runoff  events.  The  adequacy  of  such 
dibrations  has  been  reported  (5). 

Pretreatment  relationships  among  watersheds 
v;re  developed  for  the  volumes  of  stormflow  and 
to  measures   of  their   distribution— instantaneous 


peak  discharge  and  the  portion  of  stormflow  volume 
estimated  as  overland  flow.  All  events  which  pro- 
duced runoff  on  either  the  control  or  a  treated 
watershed  were  included  in  the  stormflow-volume 
analyses.  A  storm  was  defined  as  a  precipitation 
event  bounded  by  rainless  intervals  of  at  least  6 
hours.  The  calibration  and  post-treatment  equa- 
tions for  the  three  variables  are  summarized  in  Ap- 
pendix tables  10,  11,  and  12. 

Analyses 

The  linear  regression  model  to  describe  rela- 
tionships between  watersheds  during  the  calibra- 
tion period  is  Y  =  a  -f  bX.  The  calibration  regres- 
sions were  compared  by  covariance  analysis  with 
the  regressions  developed  from  data  collected 
during  each  year  after  treatment.  The  null  hypo- 
thesis is  that  the  two  regressions  are  estimates  of 
the  same  general  equation.  If  this  hypothesis  is 
rejected,  the  conclusion  is  that  the  relation  between 
phenomena  on  the  control  watershed  (X)  and  a 
treated  watershed  (Y)  has  changed,  and  that  two 
equations  are  required  to  describe  the  relations 
before  and  after  treatment. 

Covariance  analysis  can  determine  whether  the 
change  is  some  function  of  X  or  is  best  expressed 
as  a  constant  for  all  values  of  X  (I).  The  first  step 
is  to  test  for  differences  in  slope.  If  slopes  differ, 
the  magnitude  of  change  varies  with  X. 


When  slopes  were  found  to  be  significantly  dif- 
ferent, each  individual  measurement  after  treat- 
ment was  subjected  to  a  t-test,  and  the  probability 
of  the  magnitude  of  the  change  determined.  Re- 
peated use  of  the  t-test,  comparing  successive  post- 
treatment  observations  against  the  same  predic- 
tion equation,  fails  to  meet  statistical  standards  be- 
cause requirements  for  independence  are  not  met. 
However,  such  comparisons  are  informative  and 
were  made.  The  t-tests  were  for  increases  only. 
Thus,  only  one  end  of  the  probability  curve  was 
considered. 

If  the  slopes  of  the  equations  do  not  differ,  dif- 
ferences in  level  can  be  tested.  Here  again,  since 
the  critical  value  for  testing  equal  levels  cannot 
be  precisely  determined,  the  hypothesis  of  equal 
slopes  cannot  be  tested  without  some  probability 
of  error.  However,  to  aid  interpretation  where  a 
change  in  level  was  indicated,  the  two  equations 
were  adjusted  to  a  common  slope  and  the  average 
change  determined.  The  average  change  was  also 
expressed  as  a  percentage  of  the  pretreatment 
mean.  All  testing  was  at  the  5-percent  level  of  con- 
fidence. 

Where  variances  of  regressions  differed  signifi- 
cantly and  a  change  in  level  was  indicated,  a  con- 
servative test  was  applied.  The  largest  variance 
and  its  degrees  of  freedom  were  used  in  the  F 
tests  for  differences  in  slope  and  level.  While  true 
differences  in  pre-  and  post-treatment  variances 
might  exist,  none  of  the  conclusions  regarding 
change  in  level  was  altered  as  a  result  of  this  pro- 
cedure. 

Ratios  of  sediment  yields  before  and  after  treat- 
ment were  also  compared. 


TREATMENT  EFFECTS 


Runoff 


Stormflows,  overland  flows,  and  peak  discharges 
increased  on  both  watersheds  during  the  first  3 
years  after  treatment.  There  was  little  indication 
that  the  increases  in  each  of  the  runoff  variables 
lessened  during  this  time. 

Annual  after-treatment  regressions  are  evaluated 
for  each  of  the  three  runoff  variables  in  the  sec- 
tions following.  The  most  reliable  indicators  of 
change  are  the  regressions  developed  from  data 
collected  during  all  3  years  after  treatment.  With- 
out exception,  a  change  in  slopes  was  indicated  for 
the  regressions  based  on  3-year  data. 


Stormflow  volumes.  —  Twenty-four  percent  of  t 
events  on  Watershed  II  and  27  percent  of  th( 
on  Watershed  III  during  1964-1966  produced  stor 
flow  volumes  significantly  higher  than  predict 
(table  2). 

Watershed  II  produced  4  area-inches  more  v 
ter  than  expected  (a  30-percent  increase),  a 
Watershed  III  produced  7  more  area-inches  (a  S 
percent  increase)  during  the  3  years.  A  few  1< 
storms  produced  a  large  proportion  of  the  increas 
In  1964,  a  4.3-inch  August  storm  accounted  for 
percent  of  the  annual  increase  from  Watershed 
and  38  percent  of  the  annual  increase  from  Wat 
shed  III.  Similarly  in  1966,  a  5-inch  storm  in  Ft 
ruary  produced  70  percent  of  the  annual  incres 
from  Watershed  II  and  half  the  increase  from  y\ 
tershed  III.  Thus,  the  treatment  applied  could  cc 
tribute  substantially  to  both  summer  and  winl 
floods. 

Overland  flow.— Overland  flow  was  defined 
the  volume  of  stormflow  represented  by  the  pi 
of  a  hydrograph  above  a  straight  line  drawn  I 
tween  the  beginning  of  a  rise  and  the  point 
maximum  curvature  on  the  recession. 

Estimated  overland  flows  were  less  sensiti 
to  treatment  than  stormflows.  Fourteen  perce 
of  the  events  on  Watershed  II  and  17  percent 
those  on  Watershed  III  during  1964-1966  we 
significantly  higher  than  predicted  (table  J 
Watershed  II  produced  22  percent  more  overlai 
flow  during  the  3  years  (1.89  area-inches)  ai 
Watershed  III  produced  27  percent  more  (3. 
area-inches).  Seventy-one  percent  of  the  3-ye 
increase  from  Watershed  II  and  48  percent 
that  from  Watershed  HI  resulted  from  two  storm! 
August  15,  1964,  and  February  9,  1966. 

Peak  discharges.— Analyses  were  confined  to  ru 
off  events  which  produced  instantaneous  pe 
flows  >  0.05  c.f.s.  (cubic  feet  per  second)  p 
acre  on  the  control  or  a  treated  watershed. 

Peak  flows  were  higher  than  predicted  by  si 
nificant  amounts  for  23  percent  of  the  rune 
events  on  Watershed  II  and  for  25  percent  of  tho 
on  Watershed  III  (table  4).  The  total  3-year  i 
crease  was  36  percent  for  Watershed  II  and  ! 
percent  for  Watershed  III. 

On  Watershed  II,  peak  flows  were  not  signil 
cantly  larger  than  predicted  in  1966.  Treatmei 
effect  may  have  been  declining,  but  the  regressic 
was  based  on  only  seven  events. 
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Table  2.— Treatment  effects  on  volumes  of  stormflow 


1964-1966 

1964 
1965 
1966 

1964-1966 


Change 

Events 

Year 

in 

regression : 

Slope                 Level 

Events 

significantly 

higher  than 

predicted 

Total 

increase1 

No.                     Pet. 

Area-inches 

Pet.  of  predicted 

Watershed  II 

1964 

0 

29                        21 

1.21 

22 

1965 

o 

13                        31 

1.01 

22 

1966 

a 

11                          27 

1.84 

54 

53  24 

Watershed  III 

31  19 

14  (2) 

11  54 


56 


27 


4.06 


30 


2.72 

22 

1.34 

16 

2.95 

46 

7.01 


26 


1  Sum  of  measured  minus  predicted  values. 

2  The  average  difference  between  the  pre-  and  post-treatment  regressions  adjusted  to  a  common  slope  was  0.098  area-inch. 


This  increase  was  33  percent  of  the  pretreatment  mean. 
Statistically  significant  at  5-percent  level. 


Table  3.— Effect  of  treatment  on  volumes  of  overland  flow 


1964-1966 

1964 
1965 
1966 

1964-1966 


n.s. 


Change 

Events 

Year 

in 

regression: 

Slope                 Level 

Events 

significantly 

higher  than 

predicted 

Total  increase1 

No.                       Pet. 

Area-inches       Pet.  of  predicted 

Watershed  II 

1964 

O 

22                           9 

0.65                         21 

1965 

o 

10                         20 

.32                         10 

1966 

11 

18                         18 

.93                        38 

43  14 

Watershed  III 

26  12 

10  0 

11  45 


1.89 


22 


1.64 

28 

.11 

2 

2.13 

54 

47 


17 


3.89 


27 


1  Sum  of  measured  minus  predicted  values. 
°  Statistically  significant  at  5-percent  level. 
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Table  4.— Treatment  effects  on  peak  discharges 


Year 

j 
Slope 

Change 

in 

•egression 

Level 

Events 

Events 

significantly 

higher  than 

predicted 

Total 

increase1 

No. 

Pet. 
Watershed  II 

C.f.s./acre 

Pet. 

of  predicted 

1964 

o 

13 

38 

1.57 

53 

1965 

o 

10 

20 

.64 

31 

1966 

n.s. 

n.s. 

7 

0 

.23 

13 

1964-1966 

0 

30 

23 
Watershed  HI 

2.45 

36 

1964 

a 

18 

22 

1.38 

33 

1965 

a 

10 

20 

.40 

15 

1966 

n.s. 

o 

8 

(2) 

.76 

34 

1964-1966 

o 

36 

25 

2.54 

28 

1  Sura  of  measured  minus  predicted  values. 

2  The  average  difference  between  the  pre-  and  post-treatment  regressions  adjusted  to  a  common  slope  was  0.092  c.f.s.  per 
acre.    This   increase  was  44  percent  of  the  pretreatment  mean. 

°  Statistically  significant  at  5-percent  level. 


Sediment 

The  relationship  of  annual  sediment  production 
among  watersheds  was  fairly  consistent  during  the 
pretreatment  years.  The  yields  from  Watershed 
II  were  approximately  twice  those  from  the  con- 
trol, while  the  yields  from  Watershed  III  approx- 
imated those  from  the  control  (fig.  2).  These 
ratios  were  applied  to  predict  yields  in  the  post- 
treatment  years,  and  the  increases  were  calculated 
as  measured  minus  predicted  values. 

Sediment-yield  increases  the  first  year  averaged 
428  pounds  per  acre  ( table  5 ) .  Yields  from  Water- 
shed III  continued  higher  than  expected  during 
the  second  and  third  years.  The  increase  from 
Watershed  II  was  largely  confined  to  the  first  year. 

Average  annual  sediment  concentrations  for  Wa- 
tershed III  also  increased  markedly  during  the  first 
and  second  years  after  burning  and  hardwood  con- 
trol (fig.  3),  but  returned  to  pretreatment  levels 
the  third  year.  Thus,  both  runoff  and  the  concen- 
trations of  sediment  per  unit  of  runoff  from  Wa- 
tershed III  increased  as  a  result  of  watershed  treat- 
ment. Data  for  Watershed  II  were  too  variable  to 
demonstrate  changes  in  average  concentrations  of 
sediment. 


ANNUAL  YIELDS    FROM   CONTROL   WATERSHED   (LBS /ACRE 

Figure  2.— Average   annual   sediment   yields   during  ] 
treatment  years. 
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Table  5.- 

-Sediment  ijiela 

s  before  and  after  treatment 

Watershed 

Preburn 
means 

Postburn  yields 

Increase 

Measured 

Expected 

Increase 

over 
prediction 

• Pounds  per  acre- 

■dry 

Percent 

1964 

I  Control 

151 

397 

II 

300 

1,179 

794 

385 

48 

III 

148 

868 

1965 

397 

471 

119 

I  Control 

180 

II 

390 

360 

30 

8 

III 

408 

1966 

180 

228 

127 

I  Control 

58 

II 

84 

116 

Decrease 

III 

128 

58 

70 

121 

60 


40 


□  BEFORE 
OAFTER 


s65 


.64 


□ 


.66 


0  20 

I  SEDIMENT  FROM  WATERSHED  I  (LBS /ACRE-INCH/  YEAR) 
Figure  3—  Average  annual  sediment  concentrations 
cntrol  and  Watershed  HI  before  and  after  treatment. 


40 


Vegetation 

The  L  (litter)  layer  on  the  two  treated  water- 
sheds prior  to  the  burn  weighed  an  average  of 
1,500  pounds  per  acre;  the  F  (fermentation)  layer 
weighed  6,870  pounds  per  acre  (table  6)  (fig.  4). 
The  fire  consumed  the  L  layer  but  reduced  the 
weight  of  the  F  layer  by  less  than  1  percent  (fig. 
5).  Leaves  from  the  dying  hardwoods  restored  the 
L  layer  during  the  first  year  after  burning,  but  60 
percent  of  the  F  layer  disintegrated  during  this 
time.  Thus,  the  loss  of  forest  floor  material  during 
the  first  year  after  burning  was  greater  than  during 
the  burn  itself. 

The  total  weight  of  the  forest  floor  1  year  after 
the  burn  averaged  55  percent  of  the  preburn 
weight;  after  3  years,  it  averaged  51  percent  of  the 
preburn  weight. 

Grasses  and  forbs  began  to  invade  the  area  dur- 
ing the  second  spring  after  burning.  The  ovendry 
weight  of  this  vegetation,  clipped  1  inch  above  the 
groundline  in  December  1965,  averaged  1,250 
pounds  per  acre.  It  increased  to  an  average  of 
1,885  pounds  per  acre  by  October  1966  (fig.  6). 

Sprouts  and  stems  less  than  1  inch  in  diameter 
increased  from  150  per  acre  prior  to  the  burn,  to 
6,644  per  acre  2  years  after  the  burn,  and  to  11,020 
per  acre  3  years  after  burning.  The  planted  loblolly 
pines  are  competing  successfully  with  this  growth. 
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Table  6.— Weight  of  the  forest  floor  before  and  after  the  December  1963  burn 


Watershed 

Preburn 

February 
1964 

Fostburn 

October 

December 
1964 

December 
1965 

1966 

L( 

^oo)  layer 

II 

1,416 

C1) 

1,633 

281 

(!) 

III 

1,588 

« 

2,208 

748 

« 

Means 

1,502 

F( 

1,920 
A  o)  layer 

515 

... 

II 

6,135 

5,928 

2,039 

4,059 

4,111 

III 

7,605 

7,741 

3,374 

5,279 

4,432 

Means 

6,870 

6,834 

2,706 

4,669 

4,271 

L  +  F  layers 

II 

7,551 

5,928 

3,672 

4,340 

4,111 

III 

9,193 

7,741 

5,582 

6,028 

4,432 

Means 

8,372 

6,834 

4,627 

5,184 

4,271 

1  Included  with  F  layer. 


Figure  4.— Forest  floor  just  before  burning. 
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Figure  5.— The  fire  removed  the  L-layer,  which  consisted 
largely  of  the  current  leaf  fall,  but  it  reduced  the  weight 
of  the  F-layer  by  less  than  1  percent. 

Burning  exposed  mineral  soil  on  13  percent  of 
the  ground  surface  of  the  watersheds  (table  7). 
Three  years  after  the  fire,  95  percent  of  the  water- 
shed surfaces  had  some  form  of  cover.  Needles 
cast  by  the  pine  should  accumulate  rapidly  dur- 
ing the  next  few  years.  Thus,  any  future  effects 
of  treatment  may  be  lessened  by  the  planting  of 
the  pine. 

SUMMARY 

After  6  years  of  calibration,  two  small  water- 
sheds occupied  by  depleted  hardwood  stands  were 
Durned  in  December  1963.  A  slow  backfire  con- 
sumed the  L  layer.    It  reduced  the  F  layer  less 


Figure  6.— Three  years  after  the  burn  the  weight  of  the 
forest  floor  averaged  one-half  the  preburn  weight.  The 
ovendry  weight  of  grasses  and  forbs  averaged  1,885  pounds 
per  acre. 

than  1  percent.  The  hardwoods  were  treated  with 
a  herbicide  in  May  1964.  A  third  unburned  water- 
shed was  maintained  as  a  control. 

During  the  first  3  years  after  treatment,  about 
one-fourth  of  the  stormflows  were  increased  by 
significant  amounts.  Annual  increases  ranged  from 
1  to  3  area-inches— increases  of  16  to  over  50  per- 
cent. Estimated  overland  flows  and  peak  discharges 
also  increased.  Two  large  rains  caused  a  large 
proportion  of  the  increases.  Treatment  effects  did 
not  diminish  during  the  first  3  years. 


Table  7  —  Composition  of  cover  before  and  after  the  December  1963  burn  and  during  the  recovery  period 


Watershed 

Pre- 
burn 

February 
1964 

Postburn 

class 

December 
1964 

December 
1965 

1966 

Percent  of 

ground  surfac 

z  occupied  — 

Grasses,  forbs 

II 

7 

2 

8 

14 

12 

III 

2 

0 

4 

8 

8 

Forest  floor 

II 

92 

74 

74 

61 

69 

III 

95 

83 

83 

80 

82 

Bare   soil 

II 

0 

17 

12 

15 

8 

III 

2 

11 

8 

7 

2 

Moss,  lichens, 
other 

II 
III 

1 
1 

7 
6 

6 
5 

10 
5 

11 

8 

During  the  first  post-treatment  year,  sediment 
production  from  one  watershed  exceeded  the  ex- 
pected value  by  48  percent.  On  the  other  water- 
shed, it  was  more  than  double  the  predicted  value. 
The  increases  averaged  about  400  pounds  per  acre. 
Sediment  production  continued  high  from  the  wa- 
tershed with  loess  soils  during  the  second  and  third 
years.  On  the  sandy  watershed  the  increase  was 
largely  confined  to  the  first  year. 

The  fire  removed  18  percent  of  the  organic  mat- 
ter making  up  the  forest  floor.  Despite  the  con- 
tribution from  the  dying  hardwoods,  an  additional 
26  percent  of  the  preburn  weight  was  lost  during 
the  first  year.  Three  years  after  treatment,  the 
weight  of  forest  floor  material  averaged  one-half 
the  preburn  weight. 

Sediment  increases  resulting  from  the  light  win- 
ter burn  of  ungullied,  poor-quality  upland  hard- 
woods and  the  subsequent  deadening  of  the  hard- 
woods were  not  alarming.  They  appeared  to  be 
decreasing  over  the  first  3  years  and  the  develop- 
ment of  the  planted  pine  should  soon  practically 
eliminate  soil  movement.  The  increase  in  runoff, 
which  persisted  for  3  years,  however,  suggests  that 
stand  conversion  procedures  including  fire  should 
be  used  with  caution  in  the  hilly  uplands  of  north 
Mississippi,  where  flood  abatement  is  an  important 
objective  of  land  management. 
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APPENDIX 

Table  8.— Average  rainfall  by  months  during  study  period1 


Month 

1958 

1959 

1960 

1961 

1962 

1963 

1964 

1965 

1966 

-  Inches  - 

January 
2(5.04) 

2.64 

3.98 

5.33 

0.76 

6.54 

1.35 

4.22 

4.27 

2.86 

February 
(4.22) 

1.66 

4.51 

3.68 

8.13 

7.32 

2.50 

2.96 

8.74 

8.55 

March 

(5.71) 

4.69 

3.07 

5.79 

12.75 

3.67 

5.59 

9.08 

9.04 

1.68 

April 
(4.88) 

10.52 

3.78 

2.07 

2.65 

5.85 

6.49 

9.91 

1.06 

7.09 

May 

(4.38) 

3.01 

3.58 

2.64 

3.84 

1.71 

1.97 

1.66 

2.54 

7.01 

June 

(4.34) 

8.63 

4.92 

3.57 

1.78 

6.82 

2.07 

1.90 

.77 

2.83 

July 
(4.26) 

5.55 

6.33 

.44 

2.96 

3.72 

9.77 

8.73 

1.88 

3.24 

August 
(3.61) 

2.59 

1.90 

2.71 

3.00 

1.78 

3.20 

6.56 

3.67 

1.34 

September 
(3.32) 

11.21 

5.71 

3.90 

1.74 

3.80 

3.39 

5.13 

4.25 

5.51 

October 
(2.98) 

.73 

4.45 

4.88 

1.51 

1.54 

0 

2.32 

.87 

2.26 

November 
(4.54) 

3.56 

3.21 

3.19 

9.96 

2.35 

3.77 

4.24 

1.38 

1.68 

December 

(6.02) 

1.71 

5.61 

4.49 

10.48 

2.20 

5.19 

8.43 

2.03 

6.46 

Totals 
(53.30) 

56.50 

51.06 

42.69 

59.55 

47.30 

45.30 

65.14 

40.51 

50.51 

lAverages  for  three  watersheds. 

2  Long-term  means  at  University,  Mississippi,  shown  in  parentheses. 
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Table  9.— Runoff  by  month  during  study  period 


Month 

Watershed 

1958 

1959 

1960 

1961 

1962 

1963 

1964 

1965 

196€ 

Area-inches 

January 

I 

0.00 

0.61 

0.43 

0.00 

2.21 

0.00 

0.30 

0.70 

o.oc 

II 

.00 

.31 

.05 

.00 

.60 

.00 

.24 

.40 

.oc 

III 

.20 

1.49 

1.00 

.00 

2.12 

.00 

.28 

1.12 

.oc 

February 

I 

.00 

.98 

.33 

2.20 

2.63 

.00 

.24 

3.42 

1.92 

II 

.00 

.46 

.04 

1.62 

1.94 

.00 

.06 

2.74 

2.84 

III 

.00 

1.32 

.67 

3.30 

2.61 

.00 

.33 

4.56 

4.15 

March 

I 

.30 

.04 

1.89 

5.30 

.33 

.70 

3.23 

3.46 

.07 

II 

.00 

.01 

1.05 

3.15 

.06 

.57 

2.08 

2.56 

.01 

III 

.63 

.16 

2.37 

5.83 

.52 

.75 

3.78 

4.32 

.2S 

April 

I 

3.39 

.07 

.00 

.21 

1.93 

.96 

3.17 

.00 

2.04 

II 

1.93 

.00 

.00 

.00 

1.25 

.61 

1.29 

.00 

1.28 

III 

4.27 

.19 

.00 

.31 

2.06 

1.19 

3.43 

.00 

2.27 

May 

I 

.09 

.00 

.02 

.00 

.00 

.00 

.00 

.00 

1.14 

II 

.01 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.72 

III 

.04 

.00 

.03 

.00 

.00 

.00 

.00 

.00 

1.73 

June 

I 

.48 

.04 

.00 

.00 

.06 

.00 

.00 

.00 

.02 

II 

.31 

.00 

.00 

.00 

.01 

.00 

.00 

.00 

.00 

III 

.63 

.02 

.01 

.00 

.03 

.00 

.00 

.00 

.00 

July 

I 

.01 

.01 

.00 

.00 

.00 

.00 

.02 

.00 

.00 

II 

.00 

.00 

.00 

.00 

.00 

.00 

.01 

.00 

.00 

III 

.01 

.02 

.00 

.00 

.00 

.00 

.07 

.00 

.00 

August 

I 

.01 

.00 

.00 

.00 

.00 

.00 

.52 

.00 

.00 

II 

.00 

.00 

.00 

.00 

.00 

.00 

1.17 

.00 

.00 

III 

.00 

.00 

.00 

.00 

.00 

.00 

1.63 

.00 

.00 

September 

I 

1.41 

.04 

.00 

.00 

.00 

.00 

.06 

.00 

.00 

II 

1.40 

.01 

.00 

.00 

.00 

.00 

.15 

.00 

.00 

III 

1.72 

.13 

.00 

.00 

.00 

.01 

.23 

.00 

.00 

October 

I 

.00 

.06 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

II 

.00 

.01 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

III 

.00 

.03 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

November 

I 

.01 

.00 

.00 

.47 

.00 

.00 

.08 

.00 

.00 

II 

.00 

.00 

.00 

.40 

.00 

.00 

.04 

.00 

.00 

III 

.00 

.00 

.00 

.34 

.00 

.00 

.76 

.00 

.00 

December 

I 

.00 

.86 

.21 

3.60 

.04 

.29 

2.99 

.00 

.38 

II 

.00 

.47 

.01 

2.06 

.00 

.24 

2.36 

.00 

.39 

III 

.00 

1.13 

.11 

3.31 

.00 

.13 

4.51 

.00 

.89 

Totals 

I 

5.70 

2.73 

2.89 

11.80 

7.21 

1.96 

10.62 

7.59 

5.56 

II 

3.65 

1.28 

1.17 

7.23 

3.86 

1.43 

7.42 

5.70 

5.23 

III 

7.50 

4.48 

4.21 

13.09 

7.36 

2.10 

15.02 

9.99 

9.30 

-12- 


Table  10.— Calibration  and  post-treatment  regressions  relating  stormflows 
on  the  control  (X)  and  treated  (Y)  watersheds 


Year 


Regression 


Number 

of 
events 


Mean  yields 


Area-inches 


Watershed  II 


Prediction  equation 

1958-1963 

0.66579X  -  0.02816                     89 

0.21737 

0.11656 

Sy.x2  =  0.00470,     Sx?  =  10.93882, 

r  =  0.960 

Post-treatment  equations 

1964 

0.82370X  -  0.03792                     29 

0.32519 

0.22994 

1965 

.91549X-    .09608                     13 

.58383 

.43840 

1966 

1.07387X-    .06755                     11 

.50579 

.47560 

1964-1966 

.91620X-    .05834                     53 
Watershed  III 

.42611 

.33206 

Prediction  equation 

1958-1963 

1.11008X  +  0.01602                     96 

0.25202 

0.29578 

Sy.x2  =  0.00882,     Sx2  =  14.77702,     r  =  0.978 


Post-treatment  equations 

1964 

1.26013X  +  0.05225 

31 

0.34251 

0.48386 

1965 

1.19289X+    .06710 

14 

.54213 

.71380 

1966 

1.52514X+    .07441 

11 

.50579 

.84581 

1964-1966 

1.28236X  +    .06809 

56 

.42449 

.61244 
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Table  11.— Calibration  and  post-.treatment  regressions  relating  overland 
flows  on  the  control  (X)  and  treated  (Y)  watersheds 


Year 


Regression 


Number 

of 
events 


Mean  yields 


Area-inches 


Watershed  II 


Prediction  equation 

1958-1963 

0.84871X  -  0.01310 

86 

0.12412 

0.09224 

Sy.x2  =  0.00373,     Sx2  = 

3.02547, 

r  =  0.935 

Post-treatment  equations 

1964 

1.06616X-    .02285 

22 

0.18104 

0.17017 

1965 

1.07818X  -    .06708 

10 

.37317 

.33526 

1966 

1.27516X-    .04792 

11 

.27905 

.30791 

1964-1966 

1.12675X-    .03878 

Watershed  III 

43 

.25079 

.24380 

Prediction  equation 

1958-1963 

1.16272X  +  0.03304 

94 

0.14297 

0.19927 

Sy.x2  =  0.01067,     Sx2  = 

4.13274, 

r  =  0.922 

Post-treatment  equations 

1964 

1.49535X  +  0.04039 

26 

0.16806 

0.29170 

1965 

1.01594X  +    .09922 

10 

.37317 

.47834 

1966 

1.74982X+    .06313 

11 

.27905 

.55142 

1964-1966 

1.44226X  +    .04940 

47 

.23768 

.39220 
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Table  12.— Calibration  and  post-treatment  regressions  relating  peak  discharges 
on  the  control  (X)  and  treated  (Y)  watersheds 


Regression 

Number 

of 
events 

Mean  yields 

Year 

X 

y 

C.f.s 

/acre 



Watershed  II 

Prediction  equation 

1958-1963 

0.93839X  -  0.01793                     34 

Sy.x2  =  0.00209,     Sx2  =     1.38659, 

0.21638 
r  =  0.974 

0.18512 

Post-treatment  equations 

1964 

1.42822X  -  0.02465                     13 

0.26078 

0.34780 

1965 

1.40170X  -    .06425                     10 

.23874 

.27039 

1966 

.93100X+    .01742                       7 

.29324 

.29043 

1964-1966 

1.27188X  -    .02336                     30 
Watershed  III 

.26101 

.30861 

Prediction  equation 

1958-1963 

0.86838X  +  0.05568                     49 

Sy.x2  =  0.00223,     Sx2  =     1.89121, 

0.17757 
r  =  0.965 

0.20988 

Post-treatment  equations 

1964 

1.36681X  +  0.03235                     18 

0.20098 

0.30705 

1965 

1.20898X  +    .01438                     10 

.23874 

.30301 

1966 

1.03985X+    .10566                       8 

.25993 

.37594 

1964-1966 

1.24131X+    .04248                     36 

.22457 

.32124 
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Small  Hardwoods  Reduce  Growth  of 
Pine  Overstory 

Charles  X  Grano 

Dense  understory  hardwoods  materially  decreased  the  growth  of 
a  53-year-old  and  a  47-year-old  stand  of  loblolly  and  shortleaf  pines. 
Over  a  14-year  period,  hardwood  eradication  with  chemicals  increased 
average  annual  yield  from  the  53-year-old  stand  by  14.3  cubic  feet,  or 
123  board-feet  per  acre.  In  the  47-year-old  stand  the  average  annual 
treatment  advantage  was  32.6  cubic  feet,  or  342  board  feet  per  acre, 
over  an  11-year  period. 

Sawtimber  stands  of  loblolly  and  shortleaf  pine  (Pinus  taeda 
.  and  P.  echinata  Mill.)  frequently  have  dense  understories  of 
mall  hardwoods.  In  uplands  in  the  South,  soil  moisture  is  seldom 
Efficient  throughout  the  growing  season  for  maximum  pine 
rowth,  and  understory  hardwoods  compete  significantly  for  the 
mited  amount  of  soil  moisture.  In  midsummer  in  southern  Ar- 
ansas, water  was  lost  about  25  percent  faster  on  plots  with  hard- 
/oods  left  in  place  than  on  those  with  hardwoods  removed  (6). 

Should  these  understories  be  eradicated  or  should  they  be 
jnored?  To  make  the  correct  decision,  the  land  manager  must 
now  to  what  extent  they  impair  the  growth  of  the  pines  above, 
xperiments  to  measure  growth  effects,  however,  have  produced 
antradictory  results.  Eradication  of  understory  hardwoods  by 
urning  had  no  effect  on  the  diameter  growth  of  60-year-old  lob- 
)lly  pine  in  South  Carolina  (2).  In  Tennessee,  Russell  found  that 
Dntrol  of  understory  hardwoods  failed  to  speed  the  growth  of 
ole-size  loblolly  (4) .  Likewise,  in  South  Carolina,  McClay  re- 
orted  no  improvement  in  diameter  growth  of  13-inch  loblolly 
ine  after  5  years  of  hardwood  control  (3).  He  cautioned  that 
inclusive  comparisons  could  not  be  made  until  after  several  years 
f  low  rainfall.  On  the  other  hand,  in  the  Ouachita  Mountains  of 

rkansas,  Bower  and  Ferguson  showed  that  the  removal  of  33 
luare  feet  of  hardwood  understory  basal  area  increased  the 
rowth  of  a  shortleaf  pine  overstory  by  31  percent  (1).  The  im- 
rovement  in  overstory  growth  was  smaller  when  only  part  of 

e  understory  was  removed. 

This  paper  presents  the  results  of  two  long-term  studies  in 
ands  of  loblolly  and  shortleaf  pine  sawtimber.  One  study,  in 
radley  County,  Arkansas,  was  continued  for  14  years.  The  other, 
3ar  Crossett,  Arkansas,  was  started  4  years  before  the  Bradley 
st.  Two  plots  were  destroyed  by  a  tornado  soon  after  establish- 


ment,  but  four  remaining  plots  were  remeasured  for  11  years.  Thi 
weather  conditions  in  18  calendar  years  are  represented  by  thi 
two  studies  combined. 


METHODS 

The  Bradley  study  was  established  in  a  53-year-old  pine  stano 
in  1955. 1  The  stand  was  even-aged  and  well-stocked.  Loblolly  pirn 
accounted  for  88  percent  of  the  pine  stems.  Soil  is  Beauregard,  ; 
forested  coastal-plain  series.  Because  of  gently  rolling  topography 
all  the  experimental  plots  have  good  surface  drainage.  Site  inde: 
ranges  from  74  to  78  (at  age  50).  When  the  study  was  started 
dense  understory  of  small  hardwoods  on  all  plots  averaged  abou 
9,000  plants  per  acre  (fig.  1).  Southern  red  oak  (Quercus  falcat,. 
Michx.)  and  sweetgum  (Liquidambar  styraciflua  L.)  made  up  3 
percent  of  the  understory  by  number.  The  remainder  consisted  o 
blackgum  (Nyssa  sylvatica  Marsh.),  sumac  (Rhus  spp.),  elm  (Ulmin 
spp.),  red  maple  {Acer  rubrum  L.) ,  dogwood  (Cornus  spp.),  misceJ 
laneous  oaks  (Quercus  spp.),  haw  (Crataegus  spp.),  hickories  (Cary\ 
spp.),  and  various  shrubs. 


1The   study    was   established    in    cooperation    with    and   on    land    owned    by    the    Bradley-Southei  i 
Division  of  Potlatch  Forests.  Inc. 

Figure  1. — Loblolly-shortleaf  pine  stand  with  dense  understory  of  small 
hardwoods  (background)  and  understory  eradicated  chemically 
(foreground). 
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There  were  two  treatments.  In  one,  all  hardwoods  and  shrubs 
were  eradicated.  In  the  other,  all  understory  vegetation  was  left 
in  place.  Each  treatment  was  replicated  three  times  in  a  random- 
ized block  design.  Plots  were  1/4  acre  in  size.  Each  was  sur- 
rounded by  a  0.5-chain  isolation  strip  that  was  treated  in  the  same 
way  as  the  plot. 

Hardwoods  and  other  broad-leafed  vegetation  were  removed 
by  cutting  all  that  were  over  head  high  and  wetting  the  top  and 
sides  of  the  stumps  with  a  5-percent  oil  solution  of  2,4,5-T.  Those 
under  head  high  were  given  a  foliar  spray  of  a  2-percent  water 
smulsion  of  2,4,5-T  applied  with  a  hand  sprayer.  Today,  cheaper 
and  more  efficient  methods  of  chemical  control  are  available. 

To  keep  hardwoods  from  resprouting,  plots  were  resprayed 
jvery  2  or  3  years  with  the  water  emlusion  (fig.  1).  Hardwoods 
)n  the  three  control  plots  were  left  undisturbed  and  were  inven- 
;oried  at  5-year  intervals.  At  the  start,  all  plots  were  thinned  to 
i  residual  overstory  basal  area  of  75  square  feet  and  to  a  volume 
)f  approximately  2,330  cubic  feet  per  acre.  An  average  of  87 
oines  per  acre  was  left  on  the  control  plots  and  90  on  the  treated 
alots. 

The  pines  were  measured  yearly  to  determine  changes  in 
oasal  area  and  board-foot  volume.  The  study  was  extended  for 
L4  years  to  measure  responses  to  a  wide  range  of  rainfall  patterns 
ind  totals.  Water  deficiencies  during  the  growing  season  (May 
hrough  October)  were  computed,  because  they  have  been  shown 
o  relate  more  meaningfully  to  growth  than  does  total  annual 
•ainfall  (3). 

The  Crossett  study  was  identical  to  the  Bradley  study  with 
•espect  to  objectives,  treatment,  pine  species,  understory  hardwood 
ipecies,  plot  size,  and  number  of  replications.  It  differed  in  time 
»f  initiation,  location,  site  quality,  stand  age,  and  pine  stocking. 

It  was  established  in  1951  by  the  USD  A  Forest  Service  in  co- 
operation with  the  Crossett  Company  on  land  now  owned  by  the 
Jeorgia-Pacific  Corporation.  The  plots  were  located  in  Ashley 
bounty,  Arkansas,  27  miles  southeast  of  the  Bradley  area.  Soil  is 
.exington  silt  loam.  Site  index  is  88  (at  age  50).  When  the  study 
vas  established  the  even-aged  loblolly-shortleaf  pine  stand  was  47 
ears  old  and  had  a  per-acre  stocking  of  132  trees,  103  square 
eet  of  basal  area,  and  3,218  cubic  feet  of  wood  volume.  In  the 
nderstory  a  thick  cover  of  small  hardwoods  and  woody  shrubs 
tveraged  5,590  plants  per  acre.  The  hardwoods  and  shrubs  were 
ompletely  eradicated  on  three  plots,  but  were  left  intact  on  three 
ontrol  plots. 


RESULTS 

In  the  Bradley  study  hardwood  numbers  per  acre  on  control 
plots  decreased  from  8,777  to  5,222  (fig.  2).  Hardwood  densitj 
increased,  however,  because  average  stem  diameters  increased 
from  0.6  inch  in  1955  to  1.1  inches  in  1968.  Understory  basal  ares 
increased  from  18.4  square  feet  per  acre  in  1955  to  32.7  square 
feet  in  1968.  It  seems  safe  to  assume,  therefore,  that  the  demand 
of  understory  hardwoods  for  soil  moisture  did  not  diminish  during 
the  study. 

From  the  start,  the  average  periodic  cubic  growth  per  yeafc 
was  greater  on  the  treated   plots,   but  not   always  to   a   signifi 
cant  degree   (fig.  3).  In  1964,  the  periodic  cubic-foot  growth  o:« 
the  plots  without  hardwoods  proved  to  be  significantly  greater 
than  the  control  yields,  starting  a  firm  trend  that  continued  un 


Figure  2. — Changes  in  num- 
bers of  hardwoods  per  acre 
on  control  plots. 


Figure  3- — Periodic    annut 
cubic  growth  per  acre. 
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[iminished  to  the  termination  of  the  study  in  1968.  Periodic  annual 
oard-foot  and  basal  area  growth  differences  were  also  signifi- 
antly  higher  on  treated  than  on  untreated  plots  from  1964  onward. 

At  the  start  of  the  study  both  treatments  were  similar  in  basal 
rea  and  cubic  volume.  The  cumulative  growth  trend  lines  diverged 
arly,  indicating  a  rapid 
esponse    to    hardwood 
emoval.     The     advan-     M 
age    of    treatment    in- 
reased  continuously  to 
he  close   of  the   study 
figs.  4  and  5).  In  the      Sl; 
eginning    the    treated    ^ 
lots  had  a  small   ad-    i? 
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tgure  4. — Stand  in  cubic  feel 
per  acre  at  end  of  each 
growing  season. 


Figure  5. — Stand  in  basal  area 
per  acre  at  end  of  each 
growing  season. 
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vantage  over  the  controls  in  board-foot  stocking.  The  respons 
to  hardwood  removal,  however,  more  than  quadrupled  the  initia, 
advantage  in  favor  of  the  treated  areas  (fig.  6). 


Figure  6. — Stand  in  board  feet 
per  acre  at  end  of  each 
growing  season. 
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Average  annual  growth  per  acre  during  the  study  was: 


Treatment 

Cubic 
feet1 

Board 
feet2 

Square  fee 
of  basal  ar<  i 

Hardwoods  removed 
Hardwoods  left 

84.9 
70.6 

713 

590 

2.4 
2.0 

Difference 

14.3 

123 

.4 

'All  trees  included. 

international  %  -inch  rule.  Trees  9%   inches  d.b.h.  and  larger. 

In  14  years  the  total  growth  advantage  per  acre  attributable 
to  understory  hardwood  removal  amounted  to  200  cubic  feet  (tj 
1,720  board  feet.  These  differences  were  obtained  in  stands  we  1 
stocked  to  begin  with  and  heavily  stocked  when  the  test  ende< j 
When  the  study  began  the  treated  plots  had  an  average  basil 
area  of  75.1  square  feet  and  a  volume  of  2,328  cubic  feet,  or  9,9(H 
board  feet  per  acre.  At  the  close  of  the  test  these  averages  hal 
increased  to  108.3  square  feet,  3,517  cubic  feet,  and  19,891  boarlj 
feet.  By  contrast,  the  beginning  and  ending  per-acre  stockings  f(t| 
the  controls  were  75.3  and  102.6  square  feet,  2,330  and  3,31) 
cubic  feet,  and  9,431  and  17,687  board  feet. 


In  general,  current  annual  cubic-foot  growth  varied  inversely 
nth  growing-season  water  deficiency  (fig.  7).  Without  exception, 
lie  trees  on  plots  cleared  of  hardwoods  outgrew  those  on  the  con- 
rol  plots.  Contrary  to  expectations,  growth  differences  between 
reatments  were  not  greatest  when  seasonal  water  deficiencies 
fere  most  acute. 

In  December  1953,  33  months  after  the  Crossett  study  was 
stablished,  a  severe  tornado  totally  destroyed  one  treated  and 
ne  control  out  of  the  original  six  plots.  Annual  remeasurements 
rere  continued  on  the  four  surviving  plots  until  1961  to  salvage 
s  much  information  as  possible. 
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Figure  7. — Current   annual   cubic  growth   per  acre. 
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Average  annual  growth  on  all  plots  was  very 

high;  in  1955  i 

was  1,293  board  feet  and  154.8  cubic  feet  per  acre 

on  one  ploi 

Treated  plots  consistently  outperf 

ormed  the  controls 

Treatment 

Cubic 
feet1 

Board 

feet- 

Square  fee 
of  basal  art 

Hardwoods  removed 

108.2 

926 

3.0 

Hardwoods  left 

75.6 

584 

2.1 

Difference 

32.6 

342 

.9 

1A11  trees  included. 

international   Vi  -inch  rule 

Trees  9  V2  inches  d.b.h 

and  larger. 

The  periodic 

annual  growth 

differences  for  the 

entire  stud 

were  significant  at  the  5  percent  level  despite  the  insensitivii 
resulting  from  having  only  two  treatment  replications.  The  toti 
per-acre  growth  advantage  resulting  from  understory  eradicatic 
amounted  to  359  cubic  feet,  3,760  board  feet,  and  9.9  square  fee 
of  basal  area. 

SUMMARY  AND  CONCLUSIONS 

The  two  tests  show  that  dense  understory  hardwoods  signii 
cantly  reduce  growth  of  mixed  stands  of  loblolly  and  shortle; : 
pine.  Total  14-year  growth  differences  in  favor  of  hardwood-fru 
plots  amounted  to  200  cubic  feet,  or  1,720  board  feet  per  acr; 
In  the  11-year-study,  gross  differences  were  even  more  pronounce  I 
totaling  359  cubic  feet,  or  3,760  board  feet  per  acre. 

Regardless  of  moisture  conditions  during  the  growing  seaso  i 
pines  on  plots  divested  of  understory  hardwoods  consistently  oit 
grew  those  on  control  plots.  Contrary  to  expectation,  growth  d:f 
ferences  were  not  greater  when  moisture  was  deficient  than  und  i 
favorable  conditions. 

From  evidence  provided  by  these  two  studies  and  other  su ) 
porting  data,  it  is  clear  that  dense  understories  of  hardwoo  I 
materially  lessen  the  average  annual  growth  of  even-aged  lobloll ' 
shortleaf  pine  stands  on  upland  sites.  Yields  can  be  meaningful ; 
increased  by  removing  these   understories. 
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Eradicating  Understory  Hardwoods 
By  Repeated  Prescribed  Burning 

Charles  X  Grano 

In  a  loblolly-shortleaf  pine  stand  containing  abundant  litter,  one 
winter  fire  killed  94  percent  of  the  stems  of  understory  hardwoods  up 
to  3.5  inches  in  diameter  at  the  base.  Prolific  sprouting  ensued.  Eleven 
annual  summer  burns  eliminated  sprouting  on  85  percent  of  the  root- 
stocks,  and  seven  biennial  summer  burns  eliminated  sprouting  on 
59  percent  of  them. 

Some  form  of  hardwood  control  is  necessary  for  the  manage- 
ment of  loblolly  (Pinus  taeda  L.)  and  shortleaf  (P.  echinata  Mill.) 
jines  on  most  sites  in  the  South.  Since  plant  succession  in  these 
lands  is  toward  a  hardwood  climax,  the  hardwoods  will  dominate 
hless  they  are  kept  in  check.  Furthermore,  the  rate  of  succes- 
on  in  this  direction  is  apparently  faster  on  good  than  on  poor 
tes  (8) .  The  hardwoods  first  appear  in  pine  stands  as  dense 
jnderstories  that  hamper  establishment  of  reproduction  and  may 
educe  growth  of  the  overstory  (4) . 

Of  the  various  methods  of  killing  the  aboveground  portions 
f  hardwoods,  fire  is  the  most  economical.  However,  the  root- 
locks  of  many  hardwood  species  in  the  South  sprout  prolifically, 
taking  permanent  control  difficult.  To  completely  eradicate  hard- 
'oods,  the  rootstocks  must  be  killed  or  prevented  from  sprouting, 
ncouraging  results  were  obtained  with  repeated  fires  in  the 
outheast  and  Atlantic  Coastal  Plain  in  the  1950's.  Foresters  in 
le  Midsouth  wanted  to  know  if  repeated  fires  would  be  equally 
ffective  in  their  area  where  conditions  are  highly  favorable  to 
ardwood  growth,  and  resprouting  is  vigorous  and  persistent.  A 
3-year  study  designed  to  find  the  answer  is  described  here. 

The  project  was  done  cooperatively  by  the  USDA  Forest 
ervice  and  the  Crossett  Division  of  Georgia-Pacific  Corporation. 

STUDY  AREA 

The  test  was  made  in  a  mature  even-aged  loblolly-shortleaf 
ine  stand  growing  on  Grenada  and  Calloway  silt  loams  in  Ashley 
ounty,  Arkansas.  These  are  imperfectly  drained  loess  soils  under- 
lin  by  a  fragipan  at  a  depth  of  18  to  24  inches.  A  2-percent  north- 
)-south  slope  provided  good  surface  drainage.  At  the  beginning 
f  the  study  the  overstory  contained  about  64  square  feet  of  pine 
asal  area  per  acre  in  trees  averaging  15  inches  d.b.h.,  and  17 
luare  feet  of  oaks  and  gums  averaging  8  inches  d.b.h.  The  under- 


story  was  very  dense;  it  contained  about  10,000  small  hardw 
plants  per  acre,  whose  tallest  stems  averaged  1.6  inches  in  diarru 
6  inches  above  ground.  Southern  red  oak  (Quercus  falcata  Mich: 
sweetgum  (Liquidambar  styraciflua  L.),  and  blackgum  (Ny 
sylvatica  Marsh.)  were  predominant.  Elm  (Ulmus  americana  ]| 
sumac  {Rhus  spp.),  ash  (Fraxinus  spp.),  dogwood  (Cornus  flo 
L.),  hickory  (Carya  spp.),  red  maple  (Acer  rubrum  L.),  Ameri 
holly  {Ilex  opaca  Ait.),  and  hawthorn  {Crataegus  spp.)  were  pres 
in  lesser  numbers. 

METHODS 

The  burning  treatments  chosen  for  study  were  those  that  1 
proven  most  successful  in  other  areas.  Most  earlier  investigal 
concluded  that  repeated  summer  fires  provide  greater  and  lonj 
lasting  sprout  control  than  repeated  winter  burns  (I,  2,  3, 
However,  a  heavy  accumulation  of  ground  fuel  makes  initial  svi 
mer  burns  in  pine  stands  hazardous.  Thus,  it  was  decided  to  hi; 
a  winter  fire  initially  to  minimize  the  risk,  and  summer  fires  thd 
after. 

Ferguson's  experiences  in  a  pine-hardwood  stand  in  Te 
indicated  that  headfires  kill  more  of  the  original  hardwood  st« 
than  backfires  (3).  Headfires  were  therefore  used  in  the  pres 
study. 

Two  treatments  were  tested.  The  first  burn  in  each  was  mi 
in  the  winter  of  1954-55.  In  one  treatment  the  plots  were  bun. 
again  in  the  summer  of  1956  and  each  summer  thereafter,  exc 
in  1958  when  burning  conditions  were  unfavorable.  In  the  sec< 
treatment  a  burn  was  made  in  the  summer  of  1957   and   ev  s 
second  summer  thereafter.   The  two  treatments  were  replica  i 
four  times  in  a  randomized  block  design. 

Study  plots  were  too  small,  0.1  acre,  to  confine  the  fires 
individual  plots.  To  measure  the  effect  with  momentum  well  esti 
lished,  fires  were  set  well  outside  the  plot  boundaries  and  jt 
mitted  to  burn  into  the  plots.  The  eight  study  plots  were  loca .  i 
inside  a  15-acre  area.  In  the  initial  burn,  the  entire  area  was  fir: 
This  procedure  was  followed  whenever  the  schedule  required 
annual  and  biennial  plots  to  be  burned  on  the  same  date.  Wl ' 
the  annual  plots  alone  were  to  be  fired,  the  biennial  plots  w ! 
isolated  by  a  fireline. 

Litter  samples  for  each  plot  were  obtained  prior  to  each  bi 
to  determine  the  pounds  per  acre,  ovendry  weight,  of  ground  fi  < 
After  the  initial  burn  the  fuel  supplies  represented  1  and  2  yen 
accumulation  for  the  annual  and  biennial  burns.  Final  burns 
both  treatments  were  made  in  1967.  Thus,  12  annual  and  se1" 
biennial  burns  were  made. 


Fire  severity  was  visually  classed  as: 

Light.  Fire  sluggish  and  discontinuous,  leaving  unburned 
atches.  Surface  litter  consumed  but  lower  layers  largely  intact, 
eaves  of  hardwood  understory  scorched,  and  base  of  stems  lightly 
larred. 

Medium.  Momentum  of  fire  well  sustained;  clean,  even 
urn  of  litter  over  the  entire  area.  Some  green  hardwood  leaves  con- 
imed  and  the  remainder  completely  scorched.  Decided  charring 
hardwood  stems. 

Intense.  Clean,  hot  burn  over  the  entire  area.  Litter,  in- 
uding  lowest  layer,  completely  consumed.  The  leaves  and  the 
em  and  branch  ends  of  most  small  hardwoods  ignited.  Small 
irdwood  stems  deeply  charred  or  destroyed. 

All  burns  were  made  with  the  wind.  For  safety,  fire  was  set 
1  the  flanks  slightly  in  advance  of  the  head.  When  possible,  the 
immer  burns  were  made  on  days  when  the  relative  humidity  was 
6  percent  or  less  and  a  steady  wind  of  2  to  5  miles  per  hour  was 
(owing.  Ambient  temperatures  during  the  summer  burns  usually 
pre  between  85  and  100°  F.  Relative  humidity  in  excess  of  45 
Ifrcent  or  little  air  movement  resulted  in  inefficient,  discontinuous 
l^rns,  especially  where  ground  fuel  was  light. 

On  each  plot,  60  sample  hardwood  plants  were  pinned, 
tjgged,  and  numbered  for  repeated  examination  throughout  the 
sjudy.  The  identity  of  each  plant  was  maintained  in  all  inventories, 
nree  species  groups  were  recognized:  oak,  gum  (sweetgum  and 
Ijackgum),  and  others  (elm,  maple,  hickory,  dogwood,  sumac, 
ijfrsimmon,  hawthorn,  holly,  and  ash) .  Stems  were  placed  in  one 
(j  four  diameter  classes:  0.5  inch  or  less,  0.6  to  1.5,  1.6  to  2.5, 
nd  2.6  to  3.5  inches.  All  diameters  were  measured  6  inches  above 
found.  If  the  plant  consisted  of  several  stems,  only  the  tallest  one 
\&s  measured.  On  each  study  plot,  five  hardwood  plants  in  each 
cithe  12  species-diameter  categories  were  represented.  Plants  were 
eamined  prior  to  each  burn  to  determine  number  and  condition 
(J  the  original  stems,  number  of  sprouts,  and  diameter  of  the 
i dividual  stem  or  the  dominant  sprout  in  a  clump.  Final  examina- 
|ns  were  made  in  1968,  1  year  after  the  last  burn. 

RESULTS 

Prior  to  the  first  burn  the  dense  hardwood  understory  had 
tributed  materially  to  the  11,332  pounds  of  litter  per  acre 
viich  had  accumulated  on  the  plots.  After  a  few  burns  the  con- 
tbutions  from  this  source  was  negligible,  particularly  on  the 
anually  burned  plots.  Needle  litter  became  the  principal  fuel. 
iter  the  sharp  reductions  resulting  from  the    1955,    1956,   and 


1957  burns,  the  fuel  mass  tended  to  stabilize  at  about  4,600  pound 
per  acre.  Because  of  their  2-year  accumulation  period,  the  biennl 
plots  generally  had  a  greater  fuel  supply  per  burn  than  the  plol 
burned  annually.  Table  1  shows  the  severity  of  individual  burr 
and  the  amount  of  fuel  available  for  each. 

Table  1. — Burning  record 


Litter 

Temper- 
ature 

Relative 
humidity 

Wind 

Fuel 

moisture 

Fire  in 

tensity 

Year 

Annually 

burned 

plots 

Biennially 
burned 
plots 

Annually 

burned 

plots 

Bienniall 
burned 

plots 

Lbs.  pe 

r  acre1 

°F. 

Percent 

M.p.h. 

Percent 

1955 

11,450 

11,240 

78 

60 

3-15 

7 

Medium 

Medio 

1956 

7,320 

96 

58 

1-2 

7 

Light 

1957 

5,760 

8,160 

96 

34 

3 

6 

Severe 

Severer 

1958 

(2) 

1959 

4,850 

3,550 

86 

52 

1-2 

6 

Light 

Light  t 

1960 

4,750 

85 

50 

3 

6 

Very  light       .  || 

1961 

4,830 

4,780 

75 

20 

1-2 

5 

Light 

Medhii 

1962 

4,600 

96 

45 

2 

5 

Medium 

1963 

4,590 

6,170 

87 

40 

7 

7 

Severe 

Severn 

1964 

3,600 

94 

48 

4 

9 

Medium 

1965 

4,240 

5,240 

98 

40 

2 

10 

Medium 

Mediui 

1966 

3,860 

94 

40 

3-5 

9 

Severe 

1967 

4,040 

4,880 

92 

45 

3 

15 

Medium 

Medit  i 

'Ovendry 
2No  burn 

weight, 
made. 

An  abundance  of  fuel  and  favorable  weather  generated  '<■ 
very  effective  initial  burn.  The  fire  killed  the  original  stems  <r 
91.6  percent  of  the  hardwood  plants  on  the  annually  burned  pic: 
and  96.7  percent  on  the  biennially  burned  plots.  In  the  final  invei 
tory  in  1968  only  1.2  percent  of  the  original  stems  on  annual? 
burned  plots  and  1.7  percent  on  biennially  burned  plots  still  sur 
vived.  These  few  were  invariably  the  largest  stems. 

Although  mortality  of  original  stems  was  similar  for  the  tw 
treatments,  sprouting  differed  significantly1  by  burning  intervi. 
(fig.  1).  In  1968,  85.0  percent  of  the  plants  that  had  been  tow 
killed  on  annually  burned  plots  were  free  of  sprouts.  On  biennial ; 
burned  plots,  59.2  percent  of  such  plants  were  not  sprouting.  The  ' 
plants  were  presumed  to  be  dead. 

If  a  given  degree  of  hardwood  control  is  desired  in  the  short<  I 
possible  time,  the  results  show  that  annual   burns  are   supericr; 
To   determine   whether   the   greater   fuel    accumulations   for  t 
individual  biennial  burns  made  them  more  effective  than  indivii! 
ual  annual  burns,  results  of  the  first  seven  annual  fires  were  co  i 


'Only  the  5-percent  level  of  significance  is  reported  in  this  paper. 


1967  1968 


F  ure   1. — Percent  of  original  stems  of  all  species  killed  by  annual  and  biennial  burns 
and  not  sprouting.  Inventories  were  taken  prior  to  each  burn. 

?red  with  those  of  the  seven  biennial  fires.  In  five  of  the  seven 
:3es,  fires  spaced  1  and  2  years  apart  were  equally  effective  in 
:ntrolling  sprouting.  The  total  control  after  seven  burns  was 
most  identical — 59.6  percent  killed  and  not  sprouting  for  annual 
arns  versus  59.2  percent  for  biennial  burns. 

Regardless  of  plant  size,  sprouting  occurred  on  almost  all  of 
;fe  original  plants  whose  tops  were  consumed  by  the  first  burn 
(ible  2).  The  number  of  plants  sprouting  diminished  with  suc- 
^ding  burns.  On  annually  burned  plots,  small  plants  may  have 
hjd  a  slightly  greater  tendency  to  resprout  than  large  plants,  but 
tis  trait  was  neither  pronounced  nor  consistent.  After  12  burns, 
3-outing  of  stems  1.6  to  2.5  inches  in  diameter  was  significantly 
lijs  than  that  of  smaller  stems,  but  it  was  also  less  than  that  of 
lrger  stems.  On  the  biennially  burned  plots,  there  were  no  signifi- 
cit   differences   in   resprouting    capacity    due    to    original    stem 
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Table  2. — fire  effects  on  hardwoods  in  relation  to  stem  size 


Original  diam 

eter  class1 

Number 

0.0-0 

5  inch 

0.6-1.5  inches 

1.6-2.5 

inches 

:;.i; -:<..-> 

inches 

of 
burns 

Top- 

killed 

Killed2 
and  not 
sprouting 

Top- 
killed 

Killed-' 
and  not 
sprouting 

Top- 
killed 

Killed- 
and  not 
sprouting 

Tup- 
killed 

Kille 

and  r 
sproui 

Percent 


ANNUAL   BURNS 


1 

2 
3 

33 

4 

5 
6 

7 


10 
11 
12 


100.0 
100.0 
100.0 
100.0 
100.0 

100.0 
100.0 
100.0 
100.0 
100.0 

100.0 
100.0 
100.0 


100.0 
100.0 
100.0 
100.0 

100.0 
100.0 
100.0 


8.3 
26.7 
41.7 
41.7 
35.0 

38.3 
41.7 
50.0 
58.3 
63.3 

61.7 
68.3 
76.6 


15.0 
30.0 
31.7 
30.0 

45.0 
45.0 
61.7 


100.0 
100.0 
100.0 
100.0 
100.0 

100.0 
100.0 
100.0 
100.0 
100.0 

100.0 
100.0 
100.0 


5.0 
13.3 
31.7 
35.0 
36.7 

40.0 
41.7 
48.3 
53.3 
60.0 

66.7 
73.3 
86.7 


95.0 
96.7 
98.3 
98.3 
100.0 

100.0 
100.0 
100.0 
100.0 
100.0 

100.0 
100.0 
100.0 


BIENNIAL  BURNS 

100.0  3.3  96.7 

100.0  21.7  98.3 

100.0  25.0  98.3 

100.0  33.3  98.3 


100.0 
100.0 
100.0 


45.0 
51.7 
61.7 


98.3 
98.3 
98.3 


6.7 
25.0 
51.7 
58.3 
61.7 

65.0 
65.0 
70.0 
80.0 
81.7 

83.3 
93.3 
95.0 


10.0 
20.0 
20.0 
31.7 

41.7 
41.7 
51.7 


70.0 
78.3 
90.0 
93.3 
93.3 

95.0 
95.0 
95.0 
95.0 
95.0 

95.0 
95.0 
95.0 


90.0 
91.7 
93.3 
93.3 

93.3 
95.0 
95.0 


3 
5 
5 
6 

6 
6 

7 
7 
7 

T 
8 


li 
3i 
41 

4) 

El 
(  ] 
(  1 


1Diameter  of  dominant  stems  measured  6  inches  from  ground. 

2Expressed  as  a  percentage  of  top-killed  trees. 

3No  burn  made  in  1958  but  hardwood  was  inventoried. 

diameter.  Inasmuch  as  all  the  hardwoods  involved  in  this  stu: 
were  3.5  inches  at  the  base  or  less,  the  similarity  in  sprout:  r 
response  among  size  classes  is  not  surprising. 

Annual  burns  were  equally  effective  on  all  three  spec, 
groups.  Biennial  burns  controlled  sprouting  of  oaks  significant 
better  than  that  of  gums  and  other  species.  By  the  end  of  ill 
study,  the  seven  biennial  burns  had  resulted  in  just  about  I  f 
same  degree  of  sprout  control  on  oaks  as  did  the  12  annual  bu  1 
(table  3).  However,  .the  annual  burns  were  far  more  effect1 
than  the  biennial  burns  in  preventing  sprouting  of  gums  and  otl.' 
species. 

Prior  to  the  first  burn  there  were  344  stems  on  the  240  sam  > 
plants  on  the  annually  burned  plots  (fig.  2).  One  year  later  'ji 
number  had  increased  to  1,383.  After  this  a  continuous  decl  i 
ensued;  147  stems  were  present  in  1968.  Similar  but  slower  trei  II 
were  observed  on  the  biennially  burned  plots.  Here  the  origi  il 


Table  3. — Fire  effects  on  small  hardwoods,  by  species  groups 


•lumber 
of 

burns 

Oak 

Gum 

Others 

Top- 
killed 

Killed1 
and  not 

sprouting 

Top- 
killed 

Killed1 
and  not 

sprouting 

Top- 
killed 

Killed1 

and  not 

sprouting 

Percent 

ANNUAL  BURNS 

1 

91.2 

6.2 

97.5 

10.0 

85.0 

6.2 

2 

92.6 

21.2 

98.8 

25.0 

90.8 

27.5 

3 

97.5 

43.8 

100.0 

46.2 

93.8 

47.5 

23 

98.8 

43.8 

100.0 

47.5 

95.0 

53.8 

4 

98.8 

45.0 

100.0 

48.8 

96.3 

51.2 

5 

98.8 

48.8 

100.0 

52.5 

97.6 

53.8 

6 

98.8 

53.8 

100.0 

50.0 

97.6 

52.5 

7 

98.8 

55.0 

100.0 

63.8 

97.6 

61.2 

8 

98.8 

60.0 

100.0 

76.2 

97.6 

65.0 

9 

98.8 

62.5 

100.0 

77.5 

97.6 

73.8 

10 

98.8 

63.8 

100.0 

81.2 

97.6 

72.5 

11 

98.8 

71.2 

100.0 

88.8 

97.6 

82.5 

12 

98.8 

75.0 

100.0 

95.0 

97.6 

85.0 

BIENNIAL  BURNS 

1 

95.0 

6.2 

100.0 

13.8 

95.0 

15.0 

2 

95.0 

22.5 

100.0 

26.2 

97.5 

31.2 

3 

95.0 

32.5 

100.0 

27.5 

98.8 

27.5 

4 

95.0 

43.8 

100.0 

27.5 

98.8 

35.0 

5 

95.0 

62.5 

100.0 

37.5 

98.8 

40.0 

6 

96.2 

65.0 

100.0 

41.2 

98.8 

42.5 

7 

96.2 

72.5 

100.0 

56.2 

98.8 

48.8 

rExpressed  as  a  percentage  of  top-killed  trees  only. 
No  burn  made  in  1958  but  hardwood  was  inventoried. 

535  stems  increased  to  960  in  the  2  years  after  the  first  burn, 
ilthough  the  sprouting  1  year  after  the  burn  was  probably  similar 
o  that  on  the  annually  burned  plots.  By  1968  sprout  numbers  had 
leclined  to  660. 

Distribution  of  sprouts  among  sample  plants  within  plots  was 
(lot  uniform.  Often  an  individual  plant  within  a  species  group 
proved  to  be  an  unusually  prolific  sprouter.  On  the  average  an- 
lually  burned  plot,  one  oak  plant  accounted  for  33  percent  of 
fhe  oak  sprouts  found  at  the  end  of  the  study.  Likewise,  one  gum 
nccounted  for  56  percent  of  the  gum  sprouts  and  one  plant  ac- 
counted for  62  percent  of  the  sprouts  of  other  species  on  the 
iverage  plot.  A  similar  situation  prevailed  on  the  biennialy  burned 
Mots. 

Stem  numbers  increased  sharply  as  a  result  of  burning,  but  the 
iverage  diameter  of  the  bases  of  dominant  stems  dropped  steadily 
■vith  each  burn  from  a  high  of  1.6  inches  to  a  low  of  0.1  inch 
(fig.  2).  Proportionately,  the  biggest  diameter  decrease  followed 
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Figure  2. — Effects  of  annual  and  biennial  burns  on  sprouting  (above)  and  diameter 
of  dominant  stems  (below)  on  240  sample  plants.  Diameters  were  measured 
6  inches  above  ground  and  inventories  were  taken  prior  to  each  burn. 

the  first  fire.  A  reduction  in  average  diameter  to  0.1  inch  was 
achieved  in  8  years  with  annual  burns  and  13  years  with  biennial 
burns.  However,  the  number  of  fires  required  was  about  the 
same — eight  annual  and  seven  biennial  burns.  Because  of  the 
drastic  decrease  in  stem  size,  a  spectacular  reduction  in  vegetative 
cover  took  place,  particularly  on  the  annually  burned  plots  (fig.  3). 


CONCLUSIONS 

The  results  presented  here  and  those  of  other  studies  show 
that  when  ample  fuel  is  available  a  winter  burn  will  destroy  the 
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Figure  3- — T&e  understory  after  nine  annual  burns. 

iboveground  portion  of  almost  all  hardwoods  up  to  3.5  inches  in 
diameter  at  the  base.  Repeated  summer  burns  at  1-  or  2-year 
intervals  can  reduce  sprouting  to  any  desired  degree,  even  under 
conditions  highly  conducive  to  sprouting.  For  practical  purposes, 
equal  numbers  of  annual  or  biennial  burns  will  afford  the  same 
■levels  of  sprout  control,  but  annual  burns  achieve  the  results 
faster. 

Despite  fire's  proven  ability  to  control  hardwoods,  many  land 
managers  are  reluctant  to  burn.  Some  fear  that  repeated  pre- 
scribed burning  will  be  expensive.  Others  fear  deterioration  of 
soil  quality,  damage  to  the  overstory,  and  loss  in  growth.  If  the 
work  is  done  properly,  these  fears  are  unjustified.  In  loblolly  pine 
stands  on  the  Virginia  Coastal  Plain,  Trousdell  and  Langdon  made 
an  initial  winter  burn  and  three  consecutive  summer  burns  for 
about  one-fourth  the  cost  of  disking  (7).  In  the  vicinity  of  the 
present  study,  industry  has  made  initial  burns  at  a  cost  of  50  cents 
per  acre  and  subsequent  burns  for  40  cents  per  burn  per  acre. 
The  danger  to  soil  or  stand  is  minimal  if  fires  are  correctly  made. 


One  winter  and  eight  annual  summer  burns  had  little  effect  oni 
the  nutrient  content  and  structure  of  the  surface  4  inches  of  loess* 
soil  on  flat  forested  terrain  in  southern  Arkansas  (6).  On  the  i 
basis  of  their  own  experience  and  a  comprehensive  review  of  the  i 
literature,  Wenger  and  Trousdell  concluded  that  neither  winter 
nor  summer  prescribed  burns  adversely  affect  the  growth  of  lob-i 
lolly  pine  overstories  (9).  The  13-year  test  reported  here  supports 
their  conclusion,  for  there  were  no  losses  in  the  pine  overstory  that 
could  be  attributed  to  fire. 
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Longleof    pine   seedling    just    before   seodcoat    is    shed.    This    species    is    challenging    to    manage, 

and  rewarding  (o  grow. 
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Birds  were  major  seed  predators  before  a  repellent  was  developed. 
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This  publication  updates  "Guidelines  for  di- 
rect-seeding longleaf  pine,"  which  was  issued 
in  1959  as  Occasional  Paper  171  of  the  Southern 
Forest  Experiment  Station.  Prescriptions  for  long- 
leaf  have  been  improved  substantially  since  then. 
New  techniques  have  resulted  from  additional 
research  coupled  with  experience  from  practical 
operations.  More  than  200,000  acres  have  been 
sown  on  a  wide  array  of  sites  across  the  South. 
These  operations — many  of  which  have  been  ob- 
served by  the  author — not  only  served  as  proving 
grounds  for  new  developments,  but  established 
that  the  recommendations  are  broadly  applicable 
throughout  the  native  range  of  longleaf  pine. 

Research  to  develop  reliable  methods  for  di- 
rect-seeding longleaf  was  initiated  by  scientists 
of  the  Southern  Forest  Experiment  Station  in 
1947.  For  8  years,  studies  were  conducted  to 
determine  seedbed  requirements  on  various  soils, 
optimum  season  of  sowing,  predators  of  seed 
ond  seedlings,  and  methods  of  distributing  seed. 
Concurrently,  research  was  concentrated  on  find- 
ing a  coating  to  protect  seeds  from  birds,  rodents, 
and  insects. 

A  bird  repellent  was  discovered  in  1954,  and 
was  followed  in  1957  by  a  combination  repellent 
effective  against  most  of  the  major  predators. 
Longleaf  was  the  first  of  the  southern  pines  to 
be  sown  operationally — beginning  about  1955. 
Seeding  has  become  the  most  prevalent  method 
of  regenerating  this  species,  because  planting 
nursery-grown  seedlings  is  expensive  and  sur- 
vival is  often  low. 

The  purpose  of  this  paper  is  to  cover  all 
phases  of  a  direct-seeding  operation  from  initial 
planning  to  appraisal  of  results.  Each  major  as- 
pect is  covered  in  a  separate  section,  and  with 
sufficient  detail  to  guide  a  forester  with  no  pre- 
vious experience  through  his  first  operation. 
Recommendations  for  additional  reading  are 
listed  at  the  end  of  the  text. 

Guidelines  given  here  should  not  be  applied 
fo  other  species,  which  differ  with  respect  to 
site  preparation,  season  of  sowing,  seed  treat- 
ments, and  sowing  rates.  Similar  papers  for  lob- 
lolly and  slash  pines  were  published  separately 
m  1961  and  1964;  the  one  for  loblolly  was  up- 
dated in  1966  (Mann  and  Derr,  1964,  1966). 
Information  on  other  species  is  also  available 
(Mann  1966). 


ADVANCE   PLANNING 

Site   Appraisal 

Sites  to  be  regenerated  should  be  inspected 
to  determine  if  direct-seeding  is  practical  on 
them  and  whether  longleaf  is  a  suitable  species. 
Such  inspections  should  be  made  8  to  1  2  months 
in  advance  of  the  intended  sowing  date. 

Longleaf  is  well  adapted  to  a  wide  variety 
of  soils  in  the  Atlantic  and  Gulf  Coastal  Plains, 
and  in  the  Appalachian  foothills  in  Alabama  and 
Georgia.  Loblolly  and  slash  pines  also  grow 
rapidly  on  many  of  the  soils  that  are  productive 
for  longleaf.  The  choice  of  species  on  such  sites 
will  depend  on  the  preference  of  the  landowner. 

Longleaf  has  several  characteristics  that  must 
be  considered  carefully  before  it  is  selected  over 
other  species.  Foremost  is  slow  initiation  of 
height  growth,  which  is  often  delayed  until  the 
fourth  or  fifth  year.  This  stemless  period  reduces 
growth  and  yields,  and  defers  the  time  when 
returns  can  be  obtained  by  thinning.  Young  long- 
leaf  are  often  attacked  by  the  brown-spot  needle 
blight,  which  retards  growth  and  kills  pines  if 
left  unchecked.  Periodic  prescribed  burning  is 
needed  to  control  the  disease  until  pines  reach 
a  height  of  about  3  feet,  when  they  are  no  longer 
subject  to  severe  infection.  The  incidence  of  in- 
fection varies  from  site  to  site,  but  usually  several 
burns  are  necessary,  and  add  to  the  expense  of 
management.  Occasionally  pines  escape  infection 
and  burning  is  unnecessary. 

While  longleaf  is  difficult  to  manage  in  early 
years,  it  is  often  selected  for  sites  where  the 
hazard  from  wildfire  is  high.  Seedlings,  even 
those  only  a  year  old,  are  highly  resistant  to 
damage  by  fire.  Other  advantages  are  freedom 
from  disease  and  insects  after  juvenile  years, 
and  the  high  proportion  of  poles  and  piling  ob- 
tained from  well-stocked  stands.  Whatever  the 
reason  for  selection,  it  is  usually  safe  to  regen- 
erate longleaf  on  sites  it  occupied  in  virgin 
stands. 

Some  sites  that  originally  had  stands  of  long- 
leaf  are  in  the  flatwoods  region.  Here  hardpans 
and  slowly  permeable  subsoils  impede  move- 
ment of  water  through  the  soil  profile,  resulting 
in  excessive  surface  water  during  wet  seasons.  In 
dry  weather,    the   sites   can    be   as   droughty   as 


sandy  ridgetops,  because  moisture  in  the  shallow 
horizon  above  the  hardpan  is  quickly  depleted. 
These  soils  may  be  difficult  to  regenerate  by  any 
method,  and  planting  may  be  surer  than  seeding. 
In  an  extreme  drought  during  the  first  year  the 
entire  seeding  may  be  lost.  At  the  other  extreme, 
long  inundation  will  cause  serious  loss  of  seed 
viability,  though  brief  submergence  may  do  no 
harm.  While  direct  seeding  on  flatwoods  sites 
has  been  moderately  successful,  the  extra  risks 
should  be  recognized. 

Many  former  longleaf  sites  are  dominated  by 
scrub  hardwoods.  There  are  two  common  methods 
of  destroying  this  competing  overstory.  First  is 
complete  removal  by  bulldozing,  chopping,  disk- 
ing, or  chaining  in  advance  of  sowing.  The  tech- 
nique selected  should  minimize  sprouting,  be- 
cause slow-growing  longleaf  seedlings  are  quickly 
overtopped.  The  other  method  is  to  kill  the  hard- 
wood overstory  by  tree  injection  in  the  first 
summer  after  sowing.  Prompt  release  is  necessary 
for  maximum  survival  and  growth. 

Landowners  are  often  tempted  to  try  direct 
seeding  where  planting  has  been  unsuccessful. 
Such  sites  should  be  avoided,  especially  in  initial 
operations.  The  better  course  is  to  conduct  early 


trials  on  average  or  good   sites  and  tackle 
more  difficult   ones  after  experience    is  gair 
There   are   few   exceptions  to  this   general    r 
The   most    notable   example    is   spoil    banks 
from    strip    mining,    where    steep,    rocky    sic 
almost  preclude  planting.  Such  sites  have  bi 
seeded    with     remarkable    success    in     north 
Alabama. 

Several  situations  should  be  avoided   in  a<; 
tion   to   those   where   seeds   are   apt  to   be   j. 
merged.  First  are  steep,  eroded  sites  where  se 
are   easily  washed   away.    Longleaf  seeds,    e 
when  coated  with  repellents,  are  readily  mc 
by  water.  The  other  situation  to  avoid  is  brc: 
casting    on    coarse,    sandy    topsoils.    These    s: 
dry  out  within  a  few  hours  after  a  rain,  and 
satisfactory  germination,   seeds   must   be   bu i: 
about  Va  to  V2  inch  deep.  A  row-seeding  mach  1 
which  in  a  single  pass  drops  and  covers  the  ssll 
in  a  strip  prepared  by  scalping  or  furrowing 
suitable  for  large  tracts.  On  small  tracts,  sea 
can  be  sown  on  spots  and  a  hoe  or  firerake  iifl 
to  cover  them  with  soil. 

Once  the  decision  has  been  made  to  din* 
seed  longleaf,  it  is  necessary  to  consider  me  1, 
of  protecting  seed  and  seedlings. 


Longleaf  has  been  seeded  successfully  on  steep,  rocky  spoil  banks  that  are  virtually  impossible 

to  plant. 
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Seed    sown    on    the    surface    of 

deep,      dry      sand      germinates 

poorly. 
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The  repellent  coating  wards  off  most  of  the 
ajor  predators  but  is  ineffective  against  such 
ners  as  town  ants,  short-tailed  crickets,  and 
uirrels,  which  may  be  numerous  on  localized 
eas.  The  hazards  from  predators  that  are  not 
fluenced  by  the  repellent  seed  coating  should 
estimated  when  the  site  is  appraised  initially. 
Town  ants,  found  in  portions  of  east  Texas 
d  Louisiana,  destroy  seed  as  well  as  seed- 
gs.  Consequently,  colonies  must  be  located 
d  treated  with  mirex  bait  in  advance  of  sowing 
:hols  1966).  Since  this  insect  can  defoliate 
en  sapling-sized  trees,  areas  should  be  re- 
ecked  annually  for  new  infestations  until  the 
les  are  at  least  10  feet  tall. 
Short-tailed  crickets  carry  seed  to  their  bur- 
ws  and  destroy  young  seedlings  in  winter  and 
jrly  spring.  They  may  be  serious  predators  on 
:yariety  of  sites  but  seem  to  prefer  wet,  heavy 
i  Is,  where  as  many  as  10,000  burrows  per  acre 
ve  been  found.  Damage  declines  sharply  with 
'2  advent  of  warmer  weather,  which  favors  the 
growth  of  grasses  and  weeds.  The  repellent 
:ating  does  not  keep  the  crickets  from  carrying 
7ay  seed,  but  it  usually  kills  them  after  a  period 
I  time.  As  many  as  seven  treated  seeds  have 
:en  found  in  a  single  burrow  with  a  dead  cricket, 
Seating  that  substantial  damage  may  be  in- 
nbted  before  the  insecticide  in  the  coating  is 
ective.  Many  heavily  infested  areas  have 
rJvertheless    been     sown     successfully.     Present 


Burrows  of  the   short-tailed   cricket   are   indicated    by   small 
mounds  of  subsoil. 

recommendations  are  to  maintain  high  sowing 
rates  where  cricket  burrows  number  1,000  or 
more  per  acre. 

Squirrels  may  eat  considerable  seed,  especially 
in  stands  of  hardwoods.  Spot  and  furrow  sowings 
seem  especially  vulnerable,  probably  because  the 
seeds  are  easy  to  find.  Laboratory  trials  clearly 
show  that  squirrels  are  not  repelled  or  harmed 
by  the  repellent  coating.  The  best  protection 
devised  so  far  is  to  reduce  the  population  by 
hunting  before  sowing  is  started.  Permission  from 
local  game  authorities  will  be  needed  for  shoot- 
ing out  of  season.  Killing  hardwoods  before 
seeding  should  alter  the  habitat  and  cause  squir- 


rels  to  leave  the  area.  Another  method  of  reduc- 
ing losses  is  to  sow  as  hardwood  leaves  are  fall- 
ing, so  that  seeds  will  be  covered  and  hard  to 
find.  The  usual  procedure  is  to  wait  until  50  to 
75  percent  of  the  leaves  are  down,  and  then  burn 
and  sow.  The  remaining  leaf  drop  will  be  enough 
to  cover  the  seed  without  smothering  the  new 
seedlings. 

Rabbits  eat  both  seed  and  seedlings.  The  re- 
pellent coating  ordinarily  protects  the  seed  fairly 
well,  but  cotyledon-stage  seedlings  are  suscep- 
tible to  heavy  damage.  The  succulent  seedlings 
are  nipped  off  close  to  the  groundline,  with  only 
a  short  stub  to  indicate  that  damage  has  taken 
place.  Losses  are  greatest  in  the  winter  when 
other  green  vegetation  is  scarce,  but  they  also 
occur  in  the  spring.  Assistance  of  State  wildlife 
officials  should  be  sought  when  populations  are 
high  enough  to  be  a  problem. 


Rabbits  clip  off  newly  germinated  seedlings  near  the  ground- 
line,  often  causing  substantial  losses. 

Pocket  gophers,  often  called  salamanders,  kill 
seedlings  by  eating  the  roots.  Pines  are  seldom, 
if  ever,  damaged  during  their  first  year,  but 
after  that  they  are  vulnerable  until  about  10 
feet  tall.  Small  trees  may  disappear  completely 
as  the  gophers  pull  them  into  tunnels  to  feed  on 
roots  or  consume  them  entirely.  Larger  ones  turn 
brown  and  often  lean  over  before  the  presence  of 
gophers  is  recognized.  They  are  easily  uprooted 
by  hand,  as  only  short  stubs  of  roots  remain. 
Gophers  prefer  sandy,  well-drained  soils,  where 
they  may  cause  serious  losses  over  areas  of 
several    hundred   acres.   Their   presence    is    indi- 


cated by  mounds  of  soil  about  8  inches  high  an 
12  inches  in  diameter;  the  mounds  are  connects 
by  tunnels  a  few  inches  below  the  soil  surfac- 
Grass  may  conceal  the  mounds,  and  the  best  tin 
to  check  for  them  is  after  a  burn  for  seedbn 
preparation  or  brown-spot  control.  Gophers  shoiu 
be  controlled  as  soon  as  they  are  detected,  /i 
effective  method  is  to  place  a  handful  of  mm 
maize  treated  with  strychnine  in  the  tunnels  i 
1 -chain  intervals  within  the  infested  area  (Wak; 
ley  1954). 

Grazing  by  hogs,  cattle,  and  sheep  has  caus  < 
the  failure  of  a  number  of  longleaf  seedinc- 
Hogs,  which  uproot  trees  as  large  as  10  feet  ta  i 
must  be  excluded  completely  before  an  area  i 
sown.  Cattle  and  sheep  should  be  eliminat 
during  the  first  year,  because  they  kill  youi  ■ 
seedlings  by  trampling  or  by  eating  the  needh 
along  with  grass.  After  the  first  year,  lig* 
grazing  by  cattle,  and  perhaps  sheep,  can  | 
tolerated.  Forage  utilization  should  not  exce 
50  percent,  and  precautions  should  be  taken  I 
prevent  concentrated  grazing  on  small  areas. 

Seedbed  preparation,  hardwood  control,  ad 
prescribed  burning  will  attract  livestock  fr<r«l 
several  miles  away.  Consequently,  areas  p  * 
viously  grazed  lightly  may  suddenly  be  overru 
especially  small  tracts  where  relatively  few  a  i 
mals  can  result  in  overuse.  It  is  necessary,  th<r 
to  appraise  the  number  of  animals  using  near: 
land,  as  well  as  those  on  the  area  to  be  regtr 
e  rated. 

Control  of  livestock  under  open  range  con: 
tions  may  be  difficult.  Burning  more  acrec: 
than  will  be  sown,  or  burning  nearby  areas  < 
a  diversionary  measure,  often  reduces  the  haz< 
from  cattle  and  sheep.  Temporary  fencing,  w 
untreated  posts  and  several  strands  of  barh 
wire,  suffices  to  exclude  cattle  for  a  few  yec 
Where  hogs  are  a  problem,  fences  must  be  d 
structed  with  net  and  barbed  wire,  and  w 
treated  posts  that  will  last  at  least  10  yea 
To  keep  per-acre  costs  of  all  types  of  fen 
down,  large  areas  must  be  enclosed. 

SEEDBED   PREPARATION 

The  type  of  seedbed  to  prepare  depends  < 
soil,  cover  conditions,  climatic  factors,  livesto 
hazards,  and  the  value  placed  on  fast  ini  i 
growth.  The  method  of  sowing  also  should  I 
considered,    because    in   some  situations   it  n ' 


;  desirable  to  prepare  a  seedbed  and  distribute 
ed  in  one  operation.  In  this  section,  only  pre- 
iwing  bed  treatments  are  discussed. 

Open  grassy  areas  have  been  sown  most  often, 
ney  require  burning  if  the  rough  is  heavy; 
herwise  the  seeds,  which  are  large  and  have 
wing  stub  attached,  are  likely  to  lodge  in  the 
ass  and  fail  to  germinate.  A  light  rough  that 
suits  from  burning  a  year  in  advance  is  usu- 
ly  preferable  to  a  fresh  burn,  as  it  provides 
better  environment  for  germination.  The  light 
growth  of  grass  accumulates  dew  and  shields 
ie  seed  from  drying  by  wind  and  sun.  In  years 
ith  ample  precipitation,  seedling  catch  may  be 
X)d  on  a  fresh  burn.  But  a  light  rough  is  su- 
;rior  when  rainfall  is  scarce  during  the  ger- 
ination  period. 

There  are  some  sites  where  moisture  during 
ie  germination  period  is  rarely  a  problem.  On 
lese,  freshly  burned  seedbeds  may  have  several 
ajor  advantages.  Autumn  fires,  as  compared 
ith  earlier  burns,  result  in  slower  buildup  of 
-own  spot,  slightly  faster  height  growth  of  seed- 
ngs,  fewer  rodents  and  rabbits,  and  later  con- 
ol  of  hardwood  sprouts.  Sowing  on  a  fresh  burn 

sometimes  necessary  when  seed  unexpectedly 
scomes  available  or  bed  weather  prevents  spring 
urning.    In   these   situations   the   fresh   burn    is 

better  choice  than  a  heavy  rough,  except  on 
piling  sites  where  rains  may  wash  seed  away, 
i  On  dry  sites,  disking  improves  first-year  sur- 
val  by  reducing  grasses  that  compete  for  soil 
oisture.  It  should  be  done  in  the  summer  or 
]rly  fall,  because  the  best  kill  of  grasses  is  ob- 
lined  when  the  weather  is  hot  and  dry.  Burning 


off  the  grass  facilitates  pulverization  of  the  soil; 
the  burn  can  be  made  immediately  before  disk- 
ing or  during  the  preceding  winter.  A  heavy-duty 
offset  disk,  cutting  about  a  7]/2-foot  swath,  does 
a  good  job  at  a  reasonable  cost.  It  can  be  pulled 
by  a  crawler  tractor  used  in  fire  suppression.  To 
reduce  costs,  strips  are  disked  about  8  feet 
apart.  About  20  acres  can  be  strip-disked  daily 
for  $3.00  per  acre.  If  seed  is  confined  to  the  pre- 
pared strips  part  of  this  cost  will  be  offset  by  a 
lower  sowing  rate. 

A  limited  acreage  has  been  sown  with  long- 
leaf  on  sites  so  wet  that  elevated,  disked  beds 
were  required.  A  bedding  harrow  with  six  to  eight 
28-inch  disks,  pulled  by  a  heavy  crawler  tractor, 
will  mound  the  soil  about  6  inches  high.  Produc- 
tion averages  about  20  acres  daily  at  a  cost  of 
$4.50  to  $5.00  per  acre. 

To  minimize  seed  losses  from  silting,  disked 
beds  should  be  allowed  to  settle  for  a  few  months 
before  being  sown. 

Two  factors  should  be  weighed  carefully  when 
deciding  whether  or  not  to  disk.  First,  germina- 
tion may  be  impaired  on  sites  where  the  surface 
layers  of  disked  soil  dry  out  fast.  Second,  inten- 
sity of  brown-spot  infection  will  be  increased. 
Brown  spot  is  spread  largely  by  rain  splatter,  and 
grasses  help  shield  the  pine  foliage  from  spores. 
Consequently  the  potential  gain  in  growth  by  re- 
ducing competition  may  be  offset  by  a  higher 
incidence  of  disease. 

Seedbed  preparation  on  sites  with  a  stand  of 
hardwoods  is  usually  coordinated  with  control  of 
the  overstory.  If  hardwoods  are  destroyed  by 
heavy    machines,    burning    is    often    sufficient 


Typical  cut-over  site,  with  a  light  grass  cover  suitable  for  longleaf  seeding. 


Hardwoods  are  often  destroyed  with  heavy  machines,  like  this  5-ton  disk. 


unless  disking  is  required  to  check  sprouting. 
Burning  off  the  accumulation  of  leaves  is  nor- 
mally necessary  when  sowing  beneath  hardwoods. 
Mechanical  preparation  is  not  needed,  for  grass 
is  sparse  under  a  hardwood  canopy. 

Plowed  furrows  have  proved  unsatisfactory  on 
most  sites  even  though  they  control  competing 
grasses  better  than  disking  does.  Their  main  dis- 
advantages  are   that   seed    is   washed    away   on 


sloping    ground    or    submerged    on    flat,    poc 
drained   sites;    erosion    is   often    severe;    and    f 
sufficient  grass  develops  to  carry  a  suitable  i 
for   brown-spot   control    when   the   seedlings   i 
2  or  3  years  old.    Furrowing   has  been  effect1 
in  several  small  operations  on  flat,  well-drain  I 
sandy    sites    where    flooding    and    washing   w 
minor  problems.  Furrow  seeding,  a  different  te 
nique   than    sowing    in    plowed    furrows,    will   I 
discussed  in  the  section  on   methods  of  sowi  ) 


Dense  stand  of  hardwoods  with  litter  burned  to  expose  mineral  soil.  Overstory  must  be  deadened 

early  in  the  first  year  after  sowing. 

(PJwto  by  Louisiana  Forestry  Commission) 


SEED   PROCUREMENT 

As  soon  as  the  area  for  seeding  has  been  in- 
pected,  it  is  time  to  make  detailed  arrange- 
nents  for  seed  procurement.  It  is  important  to 
Ian  early,  because  supplies  are  sometimes  lim- 
bed and  alternative  methods  must  be  appraised. 
^  landowner  has  several  choices:  he  may  collect 
nd  extract  his  own  seed,  collect  cones  and  have 
he  seed  extracted  by  a  commercial  dealer,  or 
iuy  cleaned  seed.  All  three  have  merit,  and 
he  landowner's  decision  will  depend  on  the 
upply  of  cones  in  his  area,  facilities  available 
o  him  for  processing  cones,  and  cost  of  com- 
mercial seed. 

Purchasing  from  a  dealer  is  the  usual  method 
f  obtaining  seed.  It  avoids  the  uncertainties  of 
ost  and  seed  viability,  and  it  is  the  easiest  of 
he  various  alternatives.  Prices  have  ranged  from 
1 1.75  to  $3.00  per  pound  in  recent  years,  de- 
lending  on  the  abundance  of  seed,  the  quantity 
>urchased,  and  how  long  it  was  held  in  storage. 

There  are  two  important  disadvantages  to 
>uying  seed.  First,  the  supplier  can  seldom  give 
issurance  that  the  seed  is  from  trees  with  above- 
iverage  form  and  growth  rate,  for  he  gets  many 
f  his  cones  from  individuals  who  are  apt  to 
ollect  from  limby  trees  that  are  easy  to  climb. 


Second,  it  is  often  difficult  to  obtain  seed  from 
the  zone  that  will  give  the  best  growth  and  yield 
in  a  particular  area.  For  the  major  portion  of 
the  longleaf  belt  adjacent  to  the  Gulf  Coast,  the 
optimum  seed-collection  zone  (Wells  1969)  is 
southeast  Mississippi,  southern  Alabama,  and 
northwest  Florida  (see  map). 

Minimum  standards  for  viability,  soundness, 
purity,  and  moisture  content  should  be  specified 
when  seed  is  purchased.  They  should  be  verified 
by  current  tests  in  the  USDA  Forest  Service's 
Eastern  Tree  Seed  Laboratory  (P.  O.  Box  1077, 
Macon,  Georgia).  The  buyer  should  also  know 
the  geographic  source  of  the  seed  and  the  year 
of  collection. 

Lots  should  be  cleaned  to  at  least  95  percent 
sound  seed  by  number,  a  standard  easy  to  attain 
with  modern  equipment.  Excessive  empties  waste 
repellent.  Impurities,  which  clog  machines  and 
cause  poor  distribution,  should  not  exceed  2  per- 
cent by  weight.  A  moisture  content  of  10  percent 
or  less  is  advisable  to  insure  a  reasonable  number 
of  seeds  per  pound  and  to  avoid  the  task  of  drying 
if  the  lot  is  to  be  stored. 

For  direct  seeding,  it  is  preferable  to  have  at 
least  80  percent  viability  on  a  sound-seed  basis. 
Lower  viability  may  be  accompanied  by  a  drop 


Optimum  longleaf  pine  seed-collection  area  (hatched)  for  plantings  to  be  made  within  stippled 
area.  Isotherms  of  average  annual  temperature  are  shown. 


Before  seed   is  coated   it  should  be  cleaned  of  trash,   which 
will  clog  hoppers  and  result  in  poor  distribution. 

in  vigor,  which  may  be  a  critical  factor  if  weather 
is  bad  while  the  seed  is  germinating  in  the  field. 
It  is  not  known  how  much  seed  can  deteriorate 
before  it  becomes  risky  to  use.  Unquestionably, 
however,  high-quality  seed  is  essential  for  con- 
sistent success,  and  increasing  the  sowing  rate 
is  not  a  good  substitute. 

Most  landowners  have  the  dealer  coat  the 
seed  with  repellents  at  an  extra  cost.  This  treat- 
ment will  add  about  8  percent  to  the  weight.  It 
is  advisable  to  negotiate  the  cost  of  treatment 
separately  rather  than  to  pay  one  price  for 
treated  seed.  When  the  dealer  is  to  coat  the  seed, 
the  purchaser  should  specify  exactly  what  is  de- 
sired— i.e.,  the  amount  of  each  ingredient,  the 
manufacturer,  and  treating  methods.  It  is  not 
sufficient  to  order  "repellent-treated  seed." 

Stored  seed  can  be  used  if  high  viability  is 
maintained  (Barnett  1964,  1969).  The  former 
belief  that  fresh  seed  was  essential  originated 
from  a  number  of  failures  in  which  badly  de- 
teriorated lots  of  stored  seed  were  sown.  Research 
has  shown  that  longleaf  seed  can  be  kept  for  as 
long  as  10  years  with  no  serious  loss  of  quality, 
and  lots  kept  for  several  years  have  been  success- 
fully used  in  a  number  of  commercial  operations. 
When  buying  seed  held  in  cold  storage  it  is  im- 
portant to  have  a  germination  test  conducted 
before  the  sale  is  finalized. 

More  and  more  landowners  are  collecting  their 
own  cones  and  having  them  processed  in  a  com- 
mercial kiln.  This  method  permits  procurement 
of  seed  from  preferable  zones,  and  cones  can 
be  obtained  from  trees  of  above-average  form 
and  vigor.  Costs  of  kilning  cones  and  processing 
seed  range  from  $1.00  to  $1.25  per  bushel  of 
cones. 

It  is  also  feasible  for  landowners  to  process 
their  own  cones.  Although  specialized  equipment 


is  required,  capital  investments  can  be  recove 
if  4,000  bushels  are  processed.  A  small,  fore 
draft  kiln  that  can  be  constructed  for  $2,( 
will  handle  1,000  bushels  in  a  single  seas 
Equipment  for  dewinging  and  cleaning  costs 
additional  $500.  Improvised  facilities  are  ap' 
be  inefficient  and  harmful  to  the  seed. 

Collecting  or  buying  cones  may  be  an 
pensive  way  to  obtain  seed  unless  certain  | 
cautions  are  taken.  Seed  yield  per  bushel  of  cc 
varies  widely,  and  low  yields  inflate  costs  5 
stantially.  Yields  can  be  forecast  several  mor 
before  collecting  by  cutting  sample  cones  loi 
tudinally,  counting  the  full  seeds  on  the  expc 
surface,  and  determining  the  average  yield 
bushel  of  cones  from  the  following  tabula 
(McLemore  1962): 


Number  of 

full  seeds 

exposed 


Estimated  yield  of  full  seeds- 


Number 
per  cone 


Pounds 
per  bush<; 


2 

23 

0.36 

4 

35 

.56 

6 

47 

.75 

8 

59 

.94 

10 

71 

1.14 

12 

83 

1.32 

14 

96 

1.53 

16 

108 

1.73 

18 

120 

1.92 

Slicing  cones  longitudinally  and  counting  the  number  c    u 
seeds  excised  is  the  basis  for  predicting  seed  yields 


Fairly  accurate  estimates  can  be  obtained  by 
aking  two  cones  from  each  of  20  trees.  Seed 
ields  in  the  tabulation  were  computed  by  as- 
uming  an  average  of  80  cones  per  bushel  and 
,000  seeds  per  pound.  Since  the  size  of  cones 
aries  considerably,  estimates  can  be  improved 
y  measuring  the  number  of  cones  per  bushel, 
"his  should  be  done  only  after  cones  have 
eached  their  full  size. 

Costs  can  be  reduced  substantially  by  collect- 
ng  in  bumper  years  and  storing  for  use  in  lean 
ears.  Not  only  are  cones  cheapest  when  they 
ire  most  abundant,  but  seed  yields  are  greatest, 
n  years  of  heavy  crops,  yields  may  average  more 
han  1  pound  of  seed  per  bushel,  as  contrasted 
o  V2  or  3/£  pound  when  cones  are  scarce. 

Successful  storage  of  seed  depends  on  several 
actors.  First,  cones  should  be  picked  only  after 
ests  have  shown  them  to  be  ripe.  Earlier  col- 
ection  results  in  lower  yields  and  seed  that  de- 
eriorates  relatively  fast  in  storage.  Second,  cones 
hould  be  processed  within  30  days  after  col- 
ection  and  seed  put  into  cold  storage  immedi- 
itely.  Seed  from  cones  held  more  than  a  month 
oses  germinability  rapidly  in  storage  even  when 
ytherwise  handled  properly.  Finally,  seed  should 
)e  dried  to  8  to  10  percent  moisture  content  and 
leld  in  sealed  containers  at  a  temperature  be- 
ween  0°  and  34°  F. 

SEED  TREATMENT 

'regermination   Treatment 

Longleaf  seed  germinates  rapidly  and  com- 
pletely when  conditions  are  favorable.  Therefore, 
I-  never  requires  cold  stratification  or  other  treat- 
lent  to  improve  germination. 

Repellents   for  Coating   Seed 

The  components  of  the  seed  coating  are  a  bird 
iepellent,  a  chemical  for  controlling  insects  and 
odents,  a  sticker,  and  an  overcoating  of  pow- 
ered aluminum  (Derr  1964). 

Over  the  past  15  years,  Morkit,  sublimed  an- 
Ihraquinone,  Arasan,  and  Arasan-75  have  all 
>een  used  successfully  as  bird  repellents.1  Be- 
ause  it  is  not  irritating  to  the  skin  and  mucous 
hembranes,  anthraquinone  was  suggested  for 
band  sowing  until  recently.  Arasan  42-S,  a  liquid 
hiram  formulation,  is  now  recommended  for 
II  species  regardless  of  the  method  of  sowing. 


Here  and  on  following  pages,  mention  of  trade  names  is  solely  for 
(information,  and  implies  no  approval  of  products  to  the  exclu- 
sion of  others  that  may  also  be  suitable. 


It  provides  a  durable,  dust-free  coating  that  is 
superior  to  any  previous  formulation.  Further- 
more, it  is  easier  and  more  foolproof  to  apply. 
The  other  components  must  still  be  added. 

Knowledge  of  the  repellents  and  how  they  act 
against  predators  is  important  for  proper  seed 
handling  and  appraisal  of  seed  losses.  It  is  also 
important  in  dealing  with  the  public.  Thiram, 
the  active  ingredient  in  Arasan  42-S,  is  manu- 
factured by  a  number  of  companies.  It  is  used 
extensively  as  a  seed  disinfectant  and  fungicide, 
and  is  applied  to  many  seeds  sold  to  home  gar- 
deners. Thiram  has  very  low  toxicity,  but  it  is 
irritating  to  man.  It  repels  most  birds  imme- 
diately; a  few  ingest  one  or  two  seeds  before 
they  reject  it.  Rabbits  are  also  repelled.  Mice 
and  other  small  animals  will  eat  seed  treated 
with  Arasan,  although  their  preference  for  it 
may  be  low.  Many  insects  and  large  mammals 
are  unaffected. 

Endrin  is  added  to  the  seed  coating  as  a  de- 
terrent to  insects  and  rodents.  The  recommended 
dosage  of  endrin  is  0.5  percent  effective.  It  is 
highly  poisonous  and  requires  careful  handling 
even  with  the  small  amount  put  in  the  repellent 
mixture.  Studies  in  many  portions  of  the  South 
have  invariably  shown  that  rodents  number  from 
10-15  per  acre.  Since  half  this  number  will 
destroy  a  seeding,  endrin  is  almost  always  needed 
in  the  formulation.  Moreover,  endrin  protects 
seed  from  many  species  of  insects,  which  are 
often  numerous.  Rodents  ingest  three  to  eight 
seeds,  depending  on  the  size  of  the  animal,  and 
then  will  take  no  more.  They  are  not  killed — 
rather,  a  sublethal  dose  conditions  them  from  eat- 
ing additional  treated  seed.  This  is  a  desirable 
reaction  because  it  precludes  invasion  of  the 
area  by  new  animals,  as  would  occur  if  the  coat- 
ing were  lethal  to  rodents.  With  the  number  of 
seeds  normally  ingested,  birds  are  not  harmed. 
Endrin  should  never  be  used  alone  because  it 
will  endanger  birds  that  are  repelled  by  the  Ara- 
san. The  effect  on  insects  varies — some  are  re- 
pelled, some  die  after  contact  with  treated  seed, 
and  some  destroy  the  seed  without  serious  ex- 
posure to  the  chemical. 

Whenever  it  is  planned  to  use  endrin  in  the 
formulation  it  is  advisable  to  review  seeding 
projects  with  the  fish  and  wildlife  and  the  health 
departments  of  the  State  in  which  the  seeding 
is  planned.  The  purpose  of  the  review  should  be 
to  determine  possible  adverse  effects  on  nontar- 


get  organisms,  streams,  and  water  supplies,  and 
to  take  positive  steps  to  minimize  any  dangers. 

Dow  Latex  612  is  used  as  a  sticker  to  hold  the 
repellents  to  the  seedcoat.  It  has  no  effect  on 
predators.  The  last  ingredient  of  the  coating  is 
aluminum  powder,  which  lubricates  seeds  for  easy 
flow  through  machines  and  prevents  clustering. 
Aluminum  has  no  repellent  properties. 

Applying    Repellents 

Arasan  42-S  contains  4  pounds  of  thiram  per 
gallon.  Two  gallons  will  treat  approximately  100 
pounds  of  dry  seed.  When  the  latex  sticker  and 
endrin  are  added  to  Arasan  42-S,  the  total  quan- 
tity needed  to  coat    100  pounds  of  seed   is  2.2 
to  2.4  gallons.  The  procedure  described  here  has 
proved    efficient    for    5-gallon    batches,    though 
smaller  amounts  can  be  prepared  similarly: 
Place    2]/2    pounds   of    Stauffer's    Endrin 
50-W  in  a  clean  5-gallon  container,  add  2]/2 
gallons  of  Arasan  42-S,  and  stir  with  a  pad- 
dle until  the  powder  is  thoroughly  wet  and 
free  of  dust.  This  is  the  most  difficult  step 
in  the  entire  process.  CAUTION:  Wear  rub- 
ber gloves.  Use  a  respirator  or  work  out-of- 
doors  where  inhalation  of  endrin  dust  can 
be  avoided.  Dispose  of  empty  containers  so 
that  animals  and   humans  cannot  come   in 
contact  with  them. 

Beat  with  a  paint  mixer  powered  with  an 
electric  drill  running  at  1,200  r.p.m.  until 
the  mixture  is  smooth  and  free  of  lumps. 
This  operation  takes  about  2  minutes. 

Mix  25  fluid  ounces  (about  1  Vi  pints)  of 
undiluted  Dow  Latex  612  with  another  IVi 
gallons  of  Arasan  42-S. 

Blend  the  two  mixtures  together  by  pour- 
ing from  can  to  can  about  10  times. 
The   final    mixture  totals  about   6   gallons.    It 
is  a   stable   suspension,   but   if   prepared  several 
days  beforehand   it  should  be  stirred  thoroughly 
before  application. 

About  1.2  gallons  of  the  total  repellent  mix- 
ture are  needed  for  50  pounds  of  seed.  The  first 
batches  should  be  examined  carefully  to  deter- 
mine if  all  seeds  are  fully  coated.  The  best 
procedure  is  to  start  with  a  slight  excess,  then 
gradually  cut  back  until  a  complete  coating  is 
obtained  with  no  surplus.  If  too  much  is  applied, 
dried  seeds  will  stick  together  in  large  clumps. 
The  rolling-tumbling  action  of  a  small  concrete 
mixer  is  very  effective  for  applying  the  coating. 


Fifty-pound  batches  of  seed  can  be  treated  in 
3 Vk -cubic-foot  mixer  in  approximately  3  minute;- 
A  three-man  crew  can  treat  a  ton  of  seed  daily 

Coating  is  accomplished  by  placing  a  weighei 
amount  of  seed   in  the  mixer,   then  adding  thr 
measured  amount  of  the  liquid  repellent  while  th* 
mixer  is  turning.   After  2  minutes  of  tumbling 
aluminum  powder  is  added  at  the  rate  of  8  tabl« 
spoons  per  50  pounds  of  seed,  and  the  mixer  i 
allowed  to  turn  for  another  minute.  Treated  seei 
should   be   spread   out   3   to   4    inches   deep   fc 
drying.  It  should  be  raked  periodically  to  hastei 
drying   and    reduce   clustering.   The   seed    is  dr 
enough  to  pick   up  and   put   in  sacks  when  thrl 
coating   changes   color   from    gray   to   white.    I 
clear  weather,  the  coating  will  dry  thoroughly  i 
3  to  4  hours. 

Lots  of  2  to  5  pounds  can  be  treated  by  rnbit 
ing  with  a  ladle  in  an  open  container  such  as  s 
lard  can.  Approximately  3  fluid  ounces  of  repetj 
lent  mixture  are  required  per  pound  of  seed.  M 
aluminum  overcoating  can  be  obtained  by  addir  | 
1  teaspoon  of  the  powder  to  the  seed  and  stirrir 
for  another  30  seconds.  Seed  should  then  t 
spread  out  to  dry. 

Whether  it  is  applied  by  the   landowner  or  if 
commercial  dealer,  the  repellent  coating  shou  : 
be  checked  for  durability  before  sowing  begin 
The  test  is  made  by  putting  several  hundred  d  > 
seeds  in  a  small  wire  basket  and  running  a  fi 
stream  of  cold  water   from  a   faucet  over  the  i 
for  2  minutes.  If  two-thirds  of  each  seed  rermaii 
coated,  the  repellents  will  weather  satisfactori  y 
in   the   field.    If  the   loss   is  greater,   applicatir 
was  improper  and  the  seed  should  be  washed 
remove  as  much  of  the  coating  as  possible,  ar: 
then  recoated. 

Certain  precautions  are  necessary  when  stcj 
ing  the  sticker  and  the  chemical  repellents.  T! 
latex  sticker  is  a  suspension  that  is  easily  broki  i 
if  stored  in  an  uncoated  metal  container  or  suo 
jected   to   temperatures   below   32°    F.    or  abo 
110"    F.    If  the  suspension    is   broken,   the   lat 
loses  all  adhesive  properties  and  the   repel ler f 
are  quickly  washed  off  in   rains.  Several  serio  i 
failures  have  been  traced  to  improper  handli 
of  latex.   Arasan  42-S  and   Endrin  50-W  shot 
be    stored    in    their    original    containers,    whi 
should  be  tightly  closed.  It  is  a  good  policy  not  i 
keep  these  chemicals  for  more  than   1   year.  I" 
used  chemicals  that   have  been   mixed   togeth 
should  be  discarded  each  season. 
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Directions  for  preparing  repellent  and  applying  it  to  seed: 


:  pounds  of  Endrin  50-W 
gallons  of   Arasan   42-S. 


15  fluid  ounces  of  undi- 
]Dow  Latex  612  to  an- 
!/2  gallons  of  Arasan  42-S. 


Stir  with  wooden  paddle. 


Blend   by   pouring   from   can   to   can 
about   10   times. 


Beat  with  paint  stirrer. 


Pour  finished  repellent  directly 
onto  seed  as  mixer  is  turning. 
Tumble   for   about   2   minutes. 


Add  aluminum    powder   and   tumble   for   another 
minute. 


Seed    is   fully    coated;    it    should    be   spread    out 
to  dry. 
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The  coating   on  these  seeds  was  checked   by  washing  them 
under  a  full  stream  of  water  from  a  faucet  for  several  min- 
utes.  Seeds   on    left   retained    repellents   satisfactorily,    while 
those  on  right  lost  too  much. 


Holding    Repellent-Treated   Seed 

Operations  should  be  carefully  scheduled  to 
minimize  time  between  treating  and  sowing. 
Some  delay  is  unavoidable,  however,  especially 
when  seed  must  be  shipped  or  bad  weather  in- 
terrupts sowing. 

Seed  treated  with  repellents  can  be  stored  for 
several  weeks  in  a  well-ventilated,  unheated 
building  or  in  a  cold  room  at  any  temperature 
down  to  0°  F.  Sacks  should  be  placed  so  that  air 
circulates  around  each  one.  If  the  seed  must  be 
kept  until  the  following  year,  it  should  be  dried 
to  10  percent  moisture  and  stored  at  0°  to  25°  F. 
The  repellent  coating  will  not  lose  its  effective- 
ness even  after  1  year  of  storage. 

TIME  OF  SOWING 

Fall  sowing  of  longleaf  pine  has  been  recom- 
mended for  a  number  of  years,  except  in  a  few 
unusual  situations.  Recent  research,  however, 
indicates  that  late  winter  may  be  preferable  on 
many  sites.  The  decision  about  season  must 
rest  on  careful  appraisal  of  several  factors. 

Sites  subject  to  frost  heaving  should  be  sown 
in  the  late  winter.  The  damage  occurs  most  often 
on  heavy  soils  with  sparse  vegetative  cover.  On 
such  soils  repeated  freezing  and  thawing  is  likely 
to  lift  small,  fall-germinated  seedlings  out  of  the 
ground. 

Clipping  of  newly  germinated  seedlings  near 
the  groundline  is  greater  in  fall  than  in  spring 
sowing.  Studies  in  central  Louisiana  have  clear- 
ly shown  that  most  clipping  can  be  avoided  by 
sowing  in  late  winter.  The  damage  is  done  pri- 
marily by  rabbits  when  other  green  vegetation 
is  scarce.   Losses,  which  average  about  25  per- 


cent during  the  winter,  have  exceeded  75  perce 
in  some  situations.  Consequently,  February  so 
ing  should  be  preferred  if  clipping  has  bei 
severe  in  the  past  or  if  the  rabbit  population 
high. 

Areas  subject  to  early  spring  droughts  shot 
be  sown  in  the  fall,  to  give  seedlings  time  to  ■ 
velop  good  root  systems  before  dry  weather  sa 
in.  When  heavy  clipping  and  early  droughts  M 
both  probable,  fall  is  the  better  choice  for  sowir; 

The  optimum  time  for  fall  sowing  is  as  sot 
as  soil  moisture  is  adequate  for  prompt  germir: 
tion  and  maximum  daytime  temperatures  dn 
below  85°  F.  Over  much  of  the  range  of  lor^ 
leaf,  the  beginning  of  regular  frontal  storms  I 
the  best  time.  The  storms  are  accompanied  Ij 
rain,  and  summer  temperatures  begin  to  mew 
erate.  In  the  Gulf  Coast  region,  this  may  oca 
from  late  October  to  early  December,  but  Uii) 
ally  conditions  are  satisfactory  by  the  middle  : 
November. 

Sowing  too  far  in  advance  of  the  optimi  i 
time  is  risky.  Longleaf  seed  will  not  germintl 
when  temperatures  exceed  85°  to  90°  F.,  c- 
it  deteriorates  rapidly  in  hot  weather.  Delay \i 
sowing  is  also  hazardous,  as  germination  is  vivj' 
slow  below  50°  F.  and  seeds  with  radicles  beg  i 
ning  to  penetrate  the  soil  are  subject  to  uprcj 
ing  and  washing  in  heavy  rains.  Consequent, 
the  timing  is  critical.  The  optimum  period  Ics 
for  only  a  few  weeks.  The  best  procedure  is 
sow  quickly  when  soil  moisture  and  temperafi 
are  conducive  to  prompt,  fast  germination. 

With  spring  sowing,  temperature  is  the  m  i 
consideration,  since  winter  rains  have  usu< 
recharged  the  soils.  In  the  lower  Coastal  Pk 
sowing  should  be  done  in  early  February.  Il 
more  desirable  to  sow  too  early  than  too  Id 
Even  if  low  temperatures  occur,  they  will  be 
short  duration,  and  preferable  to  high  tempe ' 
tures.  Hot  weather,  which  stops  germination  ( 
spoils  seed,  must  be  avoided. 

METHODS  OF  SOWING 


Longleaf,  like  most  other  southern  pines,  j 
been  sown  by  a  number  of  hand  and  mach 
methods.  The  choice  often  depends  on  the  :i 
of  the  area,  soil  and  cover  conditions,  the  |< 
tern  of  stocking  desired,  and  the  facilities  av: 
able  to  the  landowner. 
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and   Sowing 

Hand  methods  are  useful  primarily  on  small 
acts.  If  the  site  is  disked  in  strips,  seed  can 
>  broadcast  or  placed  in  spots  on  the  prepared 
ound.  One  man  can  cover  about  15  acres  when 
ottering  seed,  and  5  acres  when  spotting.  Both 
ethods  conserve  seed  by  confining  it  to  the 
rips.  Rubber  gloves  must  be  worn  when  hon- 
ing treated  seed. 

Spotting  has  been  successful  on  both  open 
assy  sites  and  beneath  hardwoods.  Five  or  six 
ieds  are  dropped  on  a  clear  spot  or  a  spot  raked 
ee  of  leaves.  Seeds  can  be  covered  lightly  with 
til.  To  prevent  blowback,  leaves  raked  from 
>ots  should  be  scattered,  rather  than  left  in  a 
le  on  the  edge  of  the  spot.  From  1,000  to 
200  spots  per  acre  are  needed,  depending  on 
-ivironmental  conditions  and  stocking  objectives. 

Most  tools  for  spotting  have  a  device  for  baring 
ineral  soil  and  a  mechanism  for  metering  a 
redetermined  number  of  seeds  on  the  prepared 
)Ot.  They  sell  for  $15  to  $30.  Each  model  has 
latures  that  adapt  it  to  special  soil  and  cover 
^nditions.  For  most  small  operations,  a  short- 
andled  firerake  and  an  apron  for  carrying  seed 
re  adequate. 

A  hand-operated  cyclone  grain  seeder  is 
ell  suited  for  tracts  up  to  200  acres  in  size.   It 

especially  useful  on  irregularly  shaped  areas 
lat  are  difficult  to  sow  from  the  air,  and  on 
acts  where  patches  of  established  pines  are  to 


be  bypassed.  Crews  can  be  trained  quickly  to 
broadcast  seed  uniformly,  and  one  man  can 
cover  15  acres  daily  where  brush  and  terrain 
are  moderate. 

Formerly  a  major  disadvantage  of  the  hand- 
operated  seeder  was  exposure  of  personnel  to 
the  chemical  dust  from  the  repellent  coating. 
With  Arasan  42-S,  however,  the  coating  is  es- 
sentially dust-free. 

Tractor  Seeding 

Many  tractor  seeders  have  been  developed 
over  the  past  10  years.  Since  they  are  numerous 
and  diverse,  only  those  that  have  been  tried  ex- 
tensively will  be  described. 

Power-driven  cyclone  grain  seeders  are  some- 
times mounted  on  a  tractor.  The  swath  width  is 
generally  about  40  feet,  and  a  small  tractor  can 
cover  from  30  to  40  acres  daily.  This  broadcast 
method  is  efficient  in  dense  brush  where  hand- 
operated  seeders  are  impractical.  It  is  dangerous 
on  steep  terrain. 

Tractors  have  also  been  equipped  to  sow  in 
rows  on  strips  disked  in  the  summer.  Ordinarily 
twin  grain  hoppers  are  mounted  on  the  rear  of 
a  tractor,  and  the  metering  plates  are  activated 
by  a  drive  wheel  that  is  in  contact  with  the 
ground.  Packing  wheels  are  sometimes  mounted 
to  firm  the  soil  in  front  of  and  behind  the  seed 
drop.  Rubber-tired  and  crawler  tractors  have 
been  used. 


About  15  acres  per  man-day  can  be  broadcast-sown  with  a  hand-operated  grain  seeder. 
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A  furrow  seeder  that  operates 
behind  a  conventional  fireplow. 
Adjustable  hitlers  elevate  a 
ridged  bed  in  the  center  of  the 
furrow  to  prevent  washing  and 
flooding  of  the  seeds. 


Tractor-drawn  machines  have  been  developed 
to  prepare  beds  and  sow  in  rows  in  a  single 
operation.  They  form  beds  by  plowing  furrows, 
disking,  or  rotatilling  narrow  strips. 

Furrow  seeders  are  the  most  common  (Croker 
1964).  They  are  of  two  types;  one  has  a  middle- 
buster  plow  pulled  by  a  tractor,  the  other  has 
a  plow  mounted  on  the  front  of  a  tractor. 

Those  pulled  by  a  tractor  plow  a  shallow  fur- 
row and  elevate  a  narrow  mound  in  the  center 
of  the  furrow  with  a  set  of  hillers.  Seeds  are 
dropped  from  a  hopper  at  predetermined  inter- 
vals onto  the  mound  and  pressed  firmly  into  the 
soil  by  a  packing  wheel.  The  slight  elevation  of 
the  bed  prevents  seeds  from  being  washed  away 
or  submerged  for  long  periods;  pressing  the 
seed  into  the  soil  surface  improves  germination. 
The  method  is  not  suited  to  poorly  drained  soils, 
for  the  furrows  flood  in  heavy  rains.  It  is  also 
impractical  in  dense  stands  of  hardwoods. 

In  another  model  designed  for  deep,  sandy 
soils  where  seed  must  be  covered  to  obtain  com- 
plete germination,  the  hillers  are  replaced  by  an 
agricultural  sword.  The  sword  opens  a  narrow 
slit  for  the  seeds  within  the  furrow,  but  up  the 
slope  and  away  from  the  bottom  where  water 
runs,  and  a  packing  wheel  covers  them  with  soil. 
This  machine  is  limited  to  open,  grassy  areas,  as 
the  sword  is  easily  bent  or  broken  by  tree  roots. 


Front-end    furrow   seeders   also   work   best   001 
sandy   soils   with   good    internal    drainage.    The 
are  more  rugged  than  the  trailing  type,  howevev 
and  operate  well  in  brushy  hardwood  stands.  On(j 
model,   used  extensively  on  the  Savannah   Rive 
Project    of    the    Atomic    Energy    Commission   ij 
South  Carolina,  sows  directly  in  the  center  of  ; 
furrow.  Seeds  are  dropped  from  a  hopper  into 
very  narrow  trench  cut  about  ]/2-inch  deep.  Sul  • 
sequent  rains  wash  sand  over  the  seed,  and  th 
light  covering   facilitates  germination.    In  deru 
brush  the   machine   uproots  and   kills   50   to  /  [ 
percent  of   the   hardwoods   while   sowing   on  <r 
ideal  bed.   It  is  one  of  the  most  successful  mi 
chines  developed  so  far  for  sandy  soils. 

Another   front-end    furrow   seeder   has   a   a  t 
away  V-plow  that  pushes  a  ridge  of  soil  direel 
into  the  path  of  each  tractor  track.  The  weigi 
of  the  tractor  packs  the  loose  soil,  and  seeds  a 
sown   on   each   ridge   from   hoppers   mounted 
the   rear   of   the   tractor.    A   hopper   just   behi  i 
the    plow    point   can    be   operated    to   drop  se: 
in  the  furrow  as  well. 

Furrow  seeders  are  capable  of  sowing  f re  r 
15  to  20  acres  per  day.  Their  main  advanta ) 
is  low  cost  per  acre,  resulting  from  efficient  d  •' 
tribution  of  seed  and  from  the  combination  : 
bed  preparation  and  sowing  into  one  operatit  r 
Establishing  trees   in   rows   may  also   be  an  << 
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front-end  furrow  seeder,  with  seed  hopper  immediately  he- 
ld the  point  of  the  V-blode,  operates  effectively  in  dense 
brush. 

mtage,  provided  that  close  in-row  spacing  is 
rt  objectionable.  Disadvantages  include:  (1) 
gh  capital  outlay  for  tractors  and  machines, 
0  low  average  daily  production  of  seeders,  which 
mnot  operate  in  severe  weather,  (3)  the  temp- 
tion  to  sow  far  beyond  the  optimum  date  to 
filize  machine  fully  and  to  meet  production 
\>a\s,  (4)  rough  condition  of  the  ground  after 
teding,  (5)  displacement  of  topsoil — a  particu- 
jr  drawback  on  sites  where  fertility  is  low,  and 
*)  limitation  to  sandy,  level  sites,  and  with 
ime  models  to  cleared  or  open  sites. 
'  Disk  seeders  that  prepare  flat  beds  were  first 
iveloped  to  sow  two  rows  simultaneously  with 
ie  same  tractor  power  required  for  a  one-row 
krow  seeder.  Later  a  single-row  model  was  made 


for  maneuverability  in  hardwood  stands.  Two 
offset  disk  units,  each  about  1  ]/2-feet  wide,  are 
mounted  about  4V2-feet  apart,  edge  to  edge.  A 
packing  wheel  and  seed  hopper  and  funnel  are 
located  behind  each  set  of  disks.  Behind  a 
light  crawler  tractor  the  dual  unit  can  sow  about 
30  acres  per  day.  This  machine  is  adaptable  to 
a  broad  array  of  soils.  Sowing  rates  must  be 
higher  than  with  furrow  seeders,  because  con- 
siderable seed  is  lost  by  silting  even  where  disked 
soil  has  settled  for  several  months.  Moreover, 
disking  in  the  cool,  wet  part  of  the  year  fails  to 
control  competing  grasses  satisfactorily.  Other- 
wise, advantages  and  disadvantages  are  the  same 
as  with  furrow  seeders. 

For  wet  soils  that  require  thorough  preparation 
by  chopping  and  disking,  a  modified  disk  seeder 
has  been  developed.  It  elevates  a  narrow  ridge 
that  prevents  flooding.  The  components  are  a 
pair  of  two-blade  disks  set  in  a  hilling  position, 
two  packing  wheels,  and  a  seeder  that  is  posi- 
tioned to  drop  seed  between  the  wheels.  The  units 
can  be  operated  in  pairs  behind  a  light  crawler 
tractor. 

Aerial   Seeding 

Aircraft  seeding  is  a  widely  used  and  proven 
method  for  reforesting  large  acreages  rapidly 
and  at  minimum  cost.  It  requires  the  least  effort 
and  capital  outlay  by  the  landowner;  in  most 
cases  he  is  only  required  to  furnish  accurate  maps 
of  the  area  to  be  seeded,  technical  supervision, 
and  personnel  for  ground  control  of  the  aircraft. 
Accurate  work  has  been  done  consistently  both 
with  small  fixed-wing  airplanes  and  with  heli- 
copters. 
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A   2-row  disk   seeder  that  sows 
approximately  20  acres  daily. 
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Aircraft  of  both  types  require  special  dis- 
tributing equipment  that  must  be  calibrated  ac- 
curately, especially  for  longleaf  with  its  irregular- 
shaped  wing  stubs.  In  addition,  accuracy  requires 
uniform  flying  speed  and  altitude,  and  constant 
checking  by  the  pilot  for  stoppage  or  malfunction 
of  equipment.  The  landowner  should  establish, 
in  advance,  flagging  positions  that  will  insure 
straight  flight  lines.  Many  areas  have  been  sown 
with  flagmen  pacing  off  the  flight  lines,  but  re- 
sults are  usually  unsatisfactory. 

Fixed-wing  airplane. — The  light  monoplane  is 
the  only  type  of  fixed-wing  aircraft  that  has 
been  used  extensively.  It  is  highly  maneuverable 
and  it  can  operate  from  short  unimproved  run- 
ways— often  constructed  on  the  area  to  be  seed- 
ed. Depending  on  the  size  and  shape  of  the 
areas,  and  on  the  distance  from  a  landing  strip, 
planes  can  seed  from  150  to  200  acres  per  hour. 

Most  planes  used  in  agricultural  work  can 
be  adapted  for  pine  seeding  at  a  cost  of  about 
$100.  Modification  is  needed  because  the  long, 


adjustable  opening  between  the  distributor  ano 
the  hopper  is  too  narrow  for  an  even  flow  o; 
seed.  Plates  set  in  the  bottom  of  the  hopper  blocl- 
off  part  of  the  aperture,  permitting  a  wide< 
setting. 

Flight  strips  should  not  exceed  66  feet  in 
width.  At  normal  flying  speeds  and  altitudex 
the  distributor  throws  seed  about  40  feet  eacf 
side  of  the  plane.  Some  overlapping  of  adjoining 
flights  is  necessary  to  prevent  skips  and  to  ever! 
out  the  distribution  near  the  outer  edges  of  th<> 
seed  pattern. 

Helicopter. — A    light    helicopter   can    operatu 
from  a  small  clearing  on  the  area  to  be  seeded 
It  thus  has  an  advantage  when  a  fixed-wing  plant 
would  have  to  travel  a  considerable  distance  t  . 
a   landing   strip.    Otherwise   the   differences   be- 
tween the  two  types  of  aircraft  are  small  and  th 
choice  often  depends  on  the  bid  price.  The  heli 
copter's  landing  capability  gives  it  a  higher  av  ■ 
erage  production   rate  of  250  to  300  acres  pc> 
hour,   which    reduces   the  cost  of   flagging   an  I 


A  helicopter  can  sow  3,000  acres  per  day. 
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revolving  slinger  on  a  helicopter  distributes  seed  over  a 
99-foot  swath. 


ier  services  provided  by  the  landowner  and 
rmits  a  slightly  higher  contract  price  per  acre. 
A  helicopter  must  be  equipped  with  a  power- 
ven  centrifugal  slinger  for  distributing  the  seed, 
must  also  have  a  positive,  motor-driven  meter 
•  dispensing  seed  from  the  hoppers  into  the 
nger.  The  types  in  use  will  cover  a  99-foot 
ath.  When  properly  adjusted  they  distribute 
»d  accurately. 

RATE  OF  SOWING 
Optimum  sowing  rates  vary  by  method  of  sow- 
I,  soil  condition,  cover,  site  preparation,  preda- 

populations,  stocking  objectives,  climate,  and 
iwn-spot  hazard  (Miller  1  966).  Most  landowners 
•e  employed  a  single  rate  for  each  method  of 
zing.  A  few  large  landowners  have  initiated 
(scription  sowing,  adjusting  rates  in  the  light 
experience  with  particular  conditions.  This 
ictice  will  increase  as  landowners  expand 
iir  operations  and  gain  confidence  in  seeding 
hniques. 
n  the  West  Gulf  region,   recommended   rates 

acre  for  initial  trials  are  3  pounds  for  broad- 
t  sowing,  2  pounds  for  disk  seeding,  and  1  Vi 
jnds  for  furrow  seeding.  The  rates  can  be  re- 
red  about  35  percent  on  moist  sites  in  the 
jtheast,  where  initial  establishment  and  first- 
pr  survival  are  generally  higher.  These  weights 

for  dry  seed  that  has  not  been  coated  with 
■ellents.  They  assume  viability  of  at  least  80 
cent,  and   must  be   increased  proportionately 
germination  is  lower, 
//ell-cleaned    longleaf    seed    averages    about 

00  per  pound.    In  commercial   operations   in- 

1  establishment  has  averaged  about  30  per- 
it  in  Louisiana  and  Mississippi  and  50  percent 
good  sites  in  Florida  and  Georgia.  These  tree 


percentages  are  equivalent  to  3,000  to  5,000 
seedlings  per  acre  from  3  pounds  or  1  0,000  viable 
seed. 

Offhand  these  levels  may  seem  high,  but  only 
about  one  seedling  in  three  starts  height  growth 
and  reaches  sapling  size.  First-summer  mor- 
tality, especially  in  the  westerly  portion  of  the 
range,  may  reach  50  percent  in  dry  years.  Brown- 
spot  infection  and  prescribed  fires  for  disease 
control  also  reduce  stocking;  roughly  half  of 
the  seedlings  surviving  the  first  year  initiate 
height  growth.  The  best  insurance  against  under- 
stocking is  to  maintain  sowing  rates  high  enough 
to  offset  unusually  large  losses.  Experience  sug- 
gests that  on  good  sites  initial  stocking  in  the 
spring  following  seeding  should  be  at  least  2,000 
well-distributed  seedlings  per  acre.  On  poor  sites 
3,000  seedlings  are  needed  because  first-summer 
mortality  will  be  higher  and  losses  to  disease 
greater.  With  intensive  site  preparation,  these 
stocking  goals  can  be  lowered  by  25  percent. 

To  economize,  some  landowners  have  reduced 
sowing  rates  by  as  much  as  50  percent.  Reduc- 
tions like  this  should  be  made  only  with  the  full 
understanding  that  they  lessen  the  chances  for 
success. 

CALIBRATING  SOWING  EQUIPMENT 

Faulty  distribution  of  seed  may  result  in  ir- 
regular stocking  and  partial  failure  even  though 
seedling  establishment  and  survival  are  high. 
All  of  the  machines  described  in  the  previous 
section  can  be  adjusted  to  sow  longleaf  pine  ac- 
curately and  uniformly  if  the  repellent  coating 
is  dry  and  the  seed  is  free  of  trash.  Screening 
seed  through  ]/2-inch  hardware  cloth  immedi- 
ately before  placing  it  in  the  hopper  will  insure 
against  clogging,  which  is  the  most  common 
cause  of  poor  distribution.  Wet  or  sticky  seed 
will  not  flow  freely;  hence  the  repellent  coating 
must  be  dried  thoroughly  and  kept  dry  in  the 
field. 

Sowing  rates  should  be  based  on  the  weight 
of  uncoated  seed.  The  repellent  coating  will  in- 
crease weight  by  8  to  10  percent.  Consequently, 
it  is  necessary  to  sow  3.3  pounds  of  coated  seed 
to  obtain  a  3-pound  rate.  Because  weight  gains 
vary  with  the  initial  moisture  content  of  seed 
and  the  method  used  to  dry  the  repellent  coating, 
it  is  desirable  to  determine  the  weight  ratio  of 
dry  to  treated  seed  for  each  job. 
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Tractor-drawn  machines  are  calibrated  by 
checking  the  number  of  seeds  dropped  on  100- 
foot  segments  of  prepared  beds.  For  example,  a 
rate  of  1  Vi  pounds  per  gross  acre  on  plowed 
furrows  spaced  8  feet  apart  (center  to  center) 
requires  124  seeds  on  a  100-foot  segment,  pro- 
vided that  the  lot  contains  4,500  seeds  per  pound. 

Machines  for  broadcast  sowing — aircraft  and 
cyclone  seeders — are  calibrated  and  checked  by 
a  system  of  area  control.  A  predetermined  quan- 
tity of  seed  is  sown  on  an  area  of  known  size, 
and  it  is  assumed  that  distribution  is  uniform 
over  the  entire  area.  An  advantage  of  the  method 
is  that  a  constant  check  can  be  kept  of  the  sow- 
ing rate  as  the  job  progresses,  provided  that  the 
area  in  each  flight  strip  is  known.  Seed-trap  boxes, 
hoed  spots,  and  other  methods  of  appraising  dis- 
tribution have  never  been  satisfactory  in  regu- 
lating rates,  for  it  is  seldom  practical  to  inspect 
enough  spots  in  the  short  time  available  for 
calibrating  an  airplane. 

Fixed-wing  airplanes  can  be  calibrated  as 
follows: 

Determine  the  weight  of  treated  seed  to 
be  broadcast  per  acre. 

Select  three  tracts,  each  20  to  40  acres 
in  size  and  with  regular  boundaries,  for 
calibration  trials.  Mark  1 -chain  flight  strips 
on  two  ends  of  each  tract  to  guide  flagmen. 
A  66-foot  swath  gives  excellent  seed  dis- 
tribution with  all  types  of  airplanes  now 
available. 

Carefully  check  to  determine  if  hopper 
gate  opens  to  the  same  width  each  time 
it  is  opened.  Loose  linkage  has  been  a  com- 
mon cause  of  erratic  distribution. 

If  the  pilot  has  experience  with  all  species 
and  rates,  let  him  choose  the  size  of  hopper 
opening. 

Weigh  seed  for  20-  or  40-acre  trial.  Add 
20  pounds  extra  for  a  buffer.  Screen  all 
seed  before  it  is  put  in  the  hopper. 

Sow  the  area,  flying  crosswind  at  a  steady, 
normal  speed.  Flying  parallel  to  the  wind 
is  satisfactory  if  the  pilot  can  adjust  his 
airspeed  to  maintain  a  fairly  constant 
ground  speed  in  both  directions.  Never 
calibrate  when  winds  are  gusty,  shifting,  or 
above  8  m.p.h. 

Weigh  seed  remaining  in  the  hopper  to 
determine  if  rate  was  accurate.  Adjust  gate 


opening  accordingly  and  sow  another  test 
area.  Ordinarily  the  correct  setting  will  be 
obtained  in  two  or  three  trials. 

After  calibration,  begin  regular  opera- 
tions and  steadily  increase  the  area  sown 
on  each  flight  to  about  100  acres.  Because 
mistakes  in  the  sowing  rate  are  impossible 
to  correct,  seeding  more  than  100  acres  per 
flight  is  an  unnecessary  risk.  Costs  of  fly- 
ing will  not  be  increased  appreciably  by 
limiting  the  acreage  per  flight  to  a  reason- 
able level. 

Other  broadcast  machines  are  calibrated  in  til! 
same  manner.  The  effective  swath  is  99  feet  f 
helicopters,  16  feet  for  hand  seeders,  and  abo 
40  feet  for  tractor-mounted  seeders.  A  trial  ami 
of   Vi  acre,  or  a  single  swath    14-mile   long, 
adequate    for    hand    machines.    Five   acres,    tl 
equivalent  of  a  40-foot  swath  5,450  feet  long,  a  I 
needed    for  tractor-mounted   seeders.    A  hopp: 
opening  of   1/3   inch,  which   is  the  approximc 
width  of  a  coated  longleaf  pine  seed,  is  a  go' 
starting  point  when  calibrating  cyclone  seedeid 

Minor  adjustments  in  hopper  openings  oft 
become  necessary  during  the  day,  because  mo; 
ture  in  the  repellent  coating  varies  with  chang: 
in  relative  humidity.  If  the  coating  becomes  ti 
wet  the  seed  will  not  flow  freely  even  if  openir] 
are  increased,  and  the  only  recourse  is  to  st;/ 
flying  until  the  coating  can  be  dried. 

Most  operations  have  been  executed  by  f lyi  l 
crosswind,  since  a  steady  ground  speed  is  n<  < 
essary  for  uniform  distribution.  Crosswinds  up  i 
about  8  miles  per  hour  have  no  appreciable  .'. 
feet  on  the  swath  width,  but  they  shorten  the  c  i 
tribution  upwind  and  lengthen  it  downwii  < 
Stronger  crosswinds  cause  windrowing  of  H 
seed.  Sowing  should  not  be  attempted  when  wire 
are  gusty,  for  the  course  of  the  aircraft  is  lik; 
to  be  irregular  and  differential  drift  of  seed  \  i 
give  erratic  distribution.  If  pre-established  flijl 
lines  necessitate  flying  with  a  paralleling  wi  i 
the  airspeed  should  be  regulated  to  give  a  i' 
form  ground  speed.  Variable  or  shifting  wi  i 
cannot  be  tolerated  regardless  of  the  direct  < 
of  flight. 

The  landowner  should  retain  sole  responsibi  ij 
for  specifying  the  amount  of  seed  to  be  bro  I 
cast  on  each  flight  and  for  determining  wl  < 
the  weather  is  unsuitable  for  sowing.  Contrc: 
for  aerial  services  should  state  these  facts  clea 
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Seeding  aerially  in  a  heavy  crosswind  caused  distinct-  windrowing  of  this  longleaf  stand. 


A  plane's  altitude  has  limited  effect  on  swath 
dth.  At  heights  of  80  to  125  feet,  distribution 
good  if  ridges  are  cleared  by  60  feet.  Below 
js  level,  strip  width  narrows  excessively.  Heli- 
pters  can  operate  as  low  as  10  to  20  feet,  be- 
Lise  the  seed  is  thrown  out  by  the  slinger. 
Flight  strips  are  guided  by  flagmen  on  the 
ound.  For  accurate  alignment  the  pilot  needs 
;see  at  least  two  flags,  other  than  the  one 
jectly  below  the  ship,  after  completing  each 
|n.  Three  flagmen  are  usually  enough,  although 
>re  may  be  needed  if  strips  are  long,  terrain 
■■  rolling,  or  trees  obstruct  the  pilot's  vision. 
le  flagman   should   be  stationed   at  each   end 

(the  flight  strip.  Insofar  as  possible,  flagmen 
uld  be  on  ridges  and  along  roads  or  other 
bnings.  Flags,  mounted  on  long  bamboo  poles, 
buld  be  a  distinctive  color  and  should  be 
nved  back  and  forth  as  the  aircraft  approaches. 
'It  is  best  to  measure  and  mark  flagging  points 
i  the  ground  in  advance.  Flagmen  often  get  out 
'alignment  if  they  are  required  to  pace  off  dis- 
c-ices between  strips  as  the  operation  progresses. 
A  map  showing  flight  lines  and  the  acreage 
rsach  swath  facilitates  the  entire  operation  (see 
liiwing).  With  this  information  the  acreage  to 


Placement  of  flagmen  is  important  for  good  distribution;  the 
pilot  must  see  at  least  2  flags  at  the  start  of  each  swath. 


19 


COMPANY    ROAD 

Il 
jl 

II 

ac 

UJ 

SI 

ACRES 

PER 

STRIP 

z 

—  a 
to  tr 

• 

I^-CENTER   OF   SE 

CTION    25 

^2 

II 

1 

5.8 

II 

2 

5.8 

S'l 

3 

6.3 

Ol  I 



4 

6.3 

al 



5 

6.8 

\ 
A 

\_ 

NIE/4     SW/4 

NW/4    SE/4 

6 

6.6 

\\- 

1 



7 

7.3 

\\ 

8 

7.4 

A           i 

9 

7.5 

■     A         I 

10 

7.4 

67. 

\\        '                                                         -     - 

II 

7.3 

\      \\       ,                                i 

12 

7.2 

\\      1                                i 

— 

13 

7.2 

N\    !                                  1 

14 

7.  1 

^ 

15 

6.9 

— 

16 

6.6 

SE/4     SW/4 

SV//4    SE/4 

17 

6.4 

o,  /<rr 

18 

6.6 

&:/  \ 

19 

6.8 

£///    i 



20 

6.5 

68  i 

V       i 

21 

6.8 

'// 

22 

7.0 

13.1' 

1 
1                                                             1 

149.6 

149  * 

SEC.  25      T.  I   N.      R.  14    E. 


be  sown  during  each  flight  and  the  amount  of 
seed  needed  can  be  quickly  determined,  and  the 
pilot  can  be  told  how  many  strips  to  fly  before 
returning. 

Despite  precautions,  hoppers  will  sometimes 
become  clogged  and  the  aircraft  will  return  with 
an  excessive  amount  of  seed.  The  question,  then, 
is  where  the  stoppage  occurred.  Sometimes  this 
information  can  be  obtained  from  the  flagmen. 
Otherwise,  the  best  course  may  be  to  refly  every 
second  or  every  third  strip,  depending  on  the 
quantity  of  seed  to  be  sown;  altitude  should  be 
200  to  300  feet.  Reflying  requires  good  com- 
munications with  the  flagmen. 

CHECKING   DEPREDATIONS 

The  landowner  just  starting  a  direct-seeding 
program  should  make  frequent,  systematic  in- 
spections during  the  germination  period.  It  is 
the  only  way  to  determine  if  unusual  losses  are 
occurring  and  to  establish  why  an  operation  fails. 
These  examinations  are  not  needed  if  several 
seedings  in  the  same  general  area  have  been 
successful. 

Seed  is  often  difficult  to  find  after  it  has  been 
exposed  to  several   rains.    It   is  widely  scattered, 


and  some  of  it  is  covered  with  soil  and  deb 
A  series  of  small  observation  stations,  sown  v«, 
extra  seed,  is  the  only  practical  way  to  fol  : 
the  progress  of  germination  and  to  appro  i 
losses.  A  satisfactory  station  consists  of  an  id; 
tification  stake,  50  seeds  sown  within  18  inci 
of  the  stake,  and  one  or  two  seeded  sp: 
screened  to  exclude  birds  and  rodents.  Scree  i 


An  efficient  observation  station,  consisting  of  exposed  < 
covered  seed  close  to  a  numbered  stake. 
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Dts  should  be  on  level  ground  where  the  seeds 
nnot  wash  away.  Window  screening  or  !4-inch 
rdware  cloth  makes  a  satisfactory  cover  if 
ined  down  firmly.  If  stations  are  well  distrib- 
;d  over  the  seeded  area  they  will  indicate 
itribution  of  predators,  extent  of  damage,  and 
lether  or  not  stocking  is  adequate.  Twenty-five 
;  sufficient  for  areas  up  to  several  hundred 
res;  50  are  needed  for  tracts  of  1,000  acres 
larger.  One  man  can  usually  examine  50  in 
Jay. 

Stations  should  be  checked  weekly  until  most 
the  seeds  have  germinated.  Progress  of  ger- 
nation,  number  of  intact  seeds  and  seed  hulls 
jnd,  type  of  damage  to  seed  and  seedlings, 
;ect  activity,  and  condition  of  the  repellent 
nting  should  be  noted  for  each  station.  Ger- 
nating  seeds  should  be  marked  with  pins  to 
tect  losses  that  may  occur  during  advanced 
iges  of  germination. 

Some  birds  and  insects,  crayfish,  and  large 
jmmals  take  longleaf  seed  whole,  leaving  no 
nnants  for  identification.  Tracks  or  droppings 
jy  afford  a  clue  to  their  identity.  Many  other 
idators  leave  characteristic  hull  and  frag- 
tnts  behind.  Some  rodents  carry  seeds  a  few 
rds  to  protective  cover;  characteristically,  they 
ve  a  neat  pile  of  seed  hulls  where  they  have 
bn  feeding. 

Some  predators,  among  which  rabbits  and 
tkets  are  the  chief  suspects,  clip  new  seedlings 
'  near  the  groundline  and  carry  away  or  eat 
t  severed  portion.  All  that  remains  is  a  short 
jb,  Yb  to  Va  inch  high,  which  is  easily  over- 
bed unless  the  seed  or  seedling  is  pinned  soon 
jer  germination  begins.  Clipping  is  most  preva- 
t  in  January  and  February,  and  the  first 
dlings  to  become  established  are  the  most 
nerable.    As   previously   mentioned,    seedlings 

minating  in  the  fall  are  damaged  more  than 
>se  started  in  the  spring.  If  crickets  are  the 
jse,  pieces  of  the  cotyledons  can  be  found  in 

upper  food  storage  chamber  of  their  burrows. 
Dbits  consume  seedlings  immediately  after 
t>ping  them. 

Harvester  ants  carry  large  numbers  of  seeds 
o  their  nests.  Town  ants  take  portions  of  ger- 
nating  seed  and  sections  of  seedlings  to  their 
onies.  Several  other  species  of  ants  cause 
ior  damage  by  feeding  on  radicles  or  on  endo- 
xms  after  the  seed  cracks  open  in  the  early 
ges  of  germination. 


Caterpillars,  centipedes,  and  millipedes  occa- 
sionally feed  on  seed  and  seedlings,  but  their 
combined  damage  is  ordinarily  less  than  5 
percent. 

APPRAISAL  OF  STOCKING 

Two  systematic  inventories  should  be  made 
by  those  starting  seeding  operations.  They  should 
be  independent  of  the  observation  plots  used 
to  determine  seed  and  seedling  losses.  The  first 
should  be  made  as  soon  as  germination  is  com- 
plete in  February  or  April,  depending  on  the 
season  of  sowing.  Coupled  with  observations 
during  the  germination  period,  it  will  indicate 
the  efficiency  of  repellents,  severity  of  predation, 
and  effect  of  weather  on  seedling  establishment. 
A  second  inventory,  preferably  on  the  same  sam- 
ple plots  used  for  the  first,  is  needed  at  the  end 
of  the  first  growing  season  to  appraise  mortality 
and  overall  success.  After  experience  is  gained, 
the  early  inventory  may  be  omitted. 

The  number  of  plots  depends  on  the  accuracy 
desired  and  the  plot-to-plot  variation  (expressed 
as  the  coefficient  of  variation)  in  number  of  seed- 
lings. Size  of  area  seeded  and  size  of  sample 
plot  influence  the  coefficient  of  variation.  Ex- 
perience indicates  that,  with  plots  0.001 -acre  in 
size,  a  coefficient  of  variation  of  100  percent 
may  safely  be  assumed  for  areas  up  to  several 
thousand  acres.  The  formula  for  computing  in- 
tensity of  sampling  with  67-percent  reliability 
is: 


Sample  plots 
needed 


coefficient  of  variation  \  2 
accuracy  desired        j 

If  a  landowner  chooses  to  sample  for  ±    10 
percent  accuracy,  the  number  of  plots  would  be: 


100 

To- 


2 

=      100. 


On  a  large  area,  100  plots  give  an  overall 
appraisal  of  stocking  but  no  information  on  the 
location  or  prevalence  of  areas  that  are  inade- 
quately stocked.  If,  for  example,  it  is  desired  to 
know  whether  stocking  is  sufficient  on  each  40- 
acre  tract  on  a  1,000-acre  area,  each  forty  must 
be  inventoried  with  100  sample  plots.  The  usual 
procedure  is  merely  to  sample  the  entire  area, 
and  wait  until  the  trees  are  3  or  4  years  old  to 
visually  detect  portions  that  need  supplemental 
planting  or  seeding. 
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When  seeding  rates,  methods  of  sowing,  or 
sites  vary  within  an  area,  it  is  desirable  to  in- 
ventory homogeneous  subblocks  separately. 

For  broadcast  sowing,  circular  milacre  (0.001 
acre)  plots  equally  spaced  over  the  area  are 
satisfactory.  Average  plot  stocking  multiplied 
by  1,000  provides  an  estimate  of  seedlings  per 
acre.  Distribution  is  expressed  as  the  proportion  of 
sample  plots  with  one  or  more  seedlings.  These 
two  statistics  are  closely  related:  adequate  dis- 
tribution is  rarely  obtained  with  less  than  750 
seedlings  per  acre.  Both  values  are  useful,  how- 
ever, and  counting  the  seedlings  takes  little  extra 
time  once  the  plot  has  been  located.  A  high 
average  number  of  seedlings  per  acre  and  low 
sample  plot  stocking  indicate  uneven  sowing  or 
varying  seedling  establishment.  Proportion  of 
stocked  milacres  is  the  statistic  most  valuable 
for  evaluating  results — 50  to  55  percent  is  com- 
monly taken  as  the  minimum  for  a  successful 
operation. 

Estimates  on  broadcast-sown  disked  strips  re- 
quire a  modified  technique.  Two  milacres — one 
on  a  disked  strip  and  one  on  an  undisked  balk — 
are  used  at  each  sample  location.  The  edge-to- 
edge  distance  between  disked  strips  at  each  lo- 
cation is  measured  to  determine  the  proportion 
of  the  area  that  is  disked.  To  calculate  overall 
stocking,  average  stocking  on  disked  and  un- 
disked milacres  is  weighted  by  the  area  repre- 
sented by  each. 

Where  sowing  is  confined  to  rows,  as  on 
plowed  furrows  or  on  disked  strips,  inventories 
are  made  differently  from  those  on  broadcast 
areas.  Sample  plots,  located  over  the  entire  area, 
consist  of  a  13.2-foot  segment  of  a  row  or  strip. 
Each  plot  is  divided  into  two  6.6-foot  subplots, 
and  the  number  of  seedlings  on  each  is  recorded 
separately.  Distances  from  the  center  of  the  sam- 
ple strip  to  the  center  of  each  adjoining  strip 
are  measured  at  each  location  to  adjust  average 
stocking  to  a  gross  acre.  Seedlings  per  gross  acre 
are  estimated  by  multiplying  the  average  stock- 
ing for  13.2-foot  plots  by 

3,300 
average  distance  between  row  or  strip  centers 

Thus,   if  average  stocking   per    13.2-foot   plot   is 
five  and  row  centers  are  10  feet  apart: 
3,300 

10  =      1,650  seedlings  per  acre. 


The  constant,  3,300,  is  derived  by  dividirj 
43,560  (square  feet  per  acre)  by  13.2.  If  tM 
size  of  the  sample  plot  is  changed,  a  new  co  .• 
stant  must  be  calculated. 

Stocking  percent  based  on  1,000  perfecty1 
spaced  seedlings  per  acre  is  obtained  by  mull'. 
plying  the  percent  of  subplots  stocked  (6.6-fof 
segments  of  strip)  by 

6.6 


average  distance  between  strip  centers 


With  this  method,  full  stocking  is  less  than  1(! 
percent  when  the  average  distance  between  str r: 
centers  exceed  6.6  feet.  Maximum  stocking  en 
tainable  with  strips  on  10-foot  centers  is: 
6.6 


■ 


100  x 


10.0 


66  percent. 


5  x 


The  effect  of  strip  spacing  on  subsequent  trfl 
distribution  should  be  carefully  weighed  whn 
planning  a  seeding  operation. 

In  seed-spot  operations  the  simplest  method  i» 
inventory  is  to  determine  the  proportion  of  spc  • 
with  at  least  one  seedling.  As  more  than  oioi; 
seedling  per  spot  is  excess  stocking,  it  is  unin 
portant  to  calculate  the  stand  per  acre.  If  tl< 
spots  cannot  be  found  readily,  stocking  can  < 
estimated  from  mechanically  spaced  milac 
plots. 

COSTS 

Costs,  time  requirements,  and  production  << 
timates  have  been  summarized  in  earlier  sectici 
for  some  phases  of  the  seeding  operation.  Giv; 
here  are  approximate  costs  for  situations  th 
are  most  common  in  the  South.  Obviously,  tH 
will  vary  by  the  price  of  seed,  acreage  to  J 
sown,  expenses  for  equipment,  and  even  eh 
ciency  of  landowners.  Generally,  costs  will  n 
erage  about  25  percent  less  in  large  than  i 
small  operations. 

Seed  prices,  one  of  the  main  items  of  expen  i 
are  highly  variable.  In  the  past  5  years  they  hc« 
ranged  from  $1.50  to  $3.00  for  large  lots.  . »: 
average  of  $2.75  per  pound  is  used  in  the  folk/ 
ing  estimates.  Addition  of  $0.30  per  pound  <i 
repellent  treatment  brings  the  total  seed  cost  \ 
$3.05  per  pound. 

A  small  landowner  who  hand-sows  only  a  f: 
acres  can  usually  do  the  work  cheaper  than  i 
dustrial  landowners.  He  may  have  to  pay  high 
prices    for   seed,    but   will    save    on    outlays    < 
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•el,  supervision,  Social  Security,  insurance,  and 
like. 
Data  given  here  are  for  tracts  of  300  to  1,000 
es.  Labor  rates  are  $1.60  per  hour  plus  $0.50 
hour  for  insurance,  Social  Security,  and  trans- 
tation.  No  allowance  is  included  for  super- 
on  or  overhead.  All  costs  are  on  a  per-acre 
;is. 

\erial  broadcast  sowing  of  3  pounds  per 
jcre  on  open  sites  that  were  burned  for 
>eedbed  preparation: 

Burning  $0.35 

Seed  9.15 

Aerial  sowing  .80 

Flagging  of  aircraft  .25 


Total  $10.55 

-urrow-seeding  open  or  brushy  tracts  with 

1  ]/2  pounds  per  acre  at  a  rate  of  12  acres 

oer    day.    Costs    of    hardwood  control    not 

ncluded: 

Burning  $1.00 

Seed  4.58 

Furrowing  and  sowing  3.25 


Total  $8.83 
Serial  sowing  of  3  pounds  per  acre  on  tracts 
disked  in  strips: 

Burning  $0.35 

Disking  2.50 

Seed  9.15 

Aerial  sowing  .80 

Flagging  of  aircraft  .25 


Total 

$13.05 

Hand-sowing  1.6  pounds  per  acre 

on  disked 

itrips: 

Burning 

$0.35 

Disking 

2.50 

Seed 

4.88 

Distributing  seed  (15  acres 

per  man-day) 

Total 

1.67 

$9.40 

>pot  sowing,  with  six  seeds  on  eac 

h  of  1 ,000 

pots  per  acre: 

J  Seed 

$4.06 

\   Distributing  seed  (2Y2  acres 

per  man-day) 

6.40 

Total 


$10.46 


STAND  PROTECTION   AND  MANAGEMENT 

Longleaf  pine  requires  more  care  in  early 
years  than  any  of  the  other  southern  pines.  But 
the  method  of  regeneration — whether  by  natural 
or  artificial  techniques — has  no  influence  on  the 
intensity  of  management  that  is  needed. 

Mortality  from  drought  is  low  after  the  first 
year.  The  big  problem  is  to  manage  and  pro- 
tect the  seedlings  so  that  a  well-stocked  stand 
starts  height  growth  quickly. 

The  seeded  area  should  be  inspected  at  regu- 
lar intervals  for  hogs.  It  is  not  sufficient  to  rely 
solely  on  a  fence,  because  these  animals  can 
penetrate  the  best  of  barriers.  While  looking 
for  hogs  the  forester  can  make  other  observations. 
Overgrazing  by  livestock  can  result  in  losses 
from  trampling  and  reduce  grass  fuels  enough 
to  complicate  burning  for  disease  control.  Re- 
invasion  by  town  ants  and  pocket  gophers  can 
also  be  detected  and  steps  taken  before  serious 
losses  occur. 

Cotton  rats,  not  mentioned  previously,  are 
believed  to  inhabit  only  areas  with  a  heavy  grass 
rough.  Burning  and  other  site-preparation  treat- 
ments cause  them  to  leave  when  their  cover  is 
destroyed.  They  sometimes  become  a  problem 
when  a  new  rough  forms,  but  by  this  time  the 
seedlings  may  be  ready  for  a  brown-spot  burn 
that  will  again  destroy  the  cover.  In  rare  cases 
assistance  of  State  game  officials  may  be  needed 
for  controlling  this  pest. 

Prescribed  burns  are  usually  needed  to  control 
brown  spot  sufficiently  for  trees  to  start  height 
growth.  Burning  solely  because  the  grass  growth 
is  heavy  is  unnecessary.  Vigorous  seedlings  can 
withstand  the  competition  of  dense  grass  even 
when  they  are  being  enveloped.  Scheduling  of 
burns  is  largely  dependent  on  the  severity  of 
brown-spot  infection.  Predetermined  schedules 
are  impractical,  as  infection  varies  by  geo- 
graphic location  and  from  year  to  year. 

Brown  spot  typically  develops  gradually  enough 
so  that  it  can  be  kept  under  observation  in  regu- 
lar inspections.  Stands  seldom  have  much  in- 
fection at  the  end  of  the  first  year,  but  by  the 
second  or  third  year  a  burn  is  usually  required. 

The  severity  of  infection  should  be  appraised 
as  late  as  possible  in  the  winter.  Fall  ratings 
may  be  misleading,  because  the  disease  builds 
up  rapidly  from  November  through  January.  The 
best  procedure  is  to  conduct  a  brown-spot  survey 
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Six-year-old  longleaf  stand  in  active  height  growth  after  two  burns  for  brown-spot  control. 


on  well-distributed  milacre  plots.  Only  the  besf 
seedling  on  each  sample  plot  is  used  to  estimate 
the  proportion  of  needle  tissue  that  is  dead.  If 
the  overall  average  is  20  to  30  percent,  the  stand 
should  be  burned  in  the  current  season. 

A  second  burn  may  be  needed  in  2  or  3  years, 
especially  on  poor  sites  where  growth  is  slow. 
However,   the   decision   should   be   made  on   the 


basis  of  another  disease  survey.  Infected  sew 
lings  that  will  initiate  height  growth  without  i  i 
should  be  rated  as  having  zero  infection  (Crol  j 
1967). 

Burns  should  be  made  late  in  the  dorrrvi 
season — in  January,  or  early  February.  Fi 
headfires,  set  on  cold  days  with  steady  wire! 
have  been  used  for  initial  burning  with  good  ' 


A  row-seeded  stand  just  emerging  from  the  grass  stage  at  age  3'  2  years. 
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s.  They  are  cheaper  than  backfires,  raise 
jnd  surface  temperatures  less,  and  do  a  bet- 
job  of  destroying  the  pathogen.  They  can 
nade  when  fuel  moisture  is  too  high  for  back- 
s.  Large  areas  can  be  treated  rapidly  when 
ning  conditions  are  stable.  Headfires  are  not 
isable  on  areas  when  the  seedling  stand  is 
iposed  of  two  age  classes — a  situation  found 
>n  reinforcement  seeding  is  done  in  under- 
fed natural  stands. 

f  a  second  burn  is  needed  when  a  portion  of 
stand  is  in  active  height  growth,  backfires  are 
Dmmended  to  avoid  killing  the  most  vigorous 
dlings.  Two  objectives  should  be  kept  in  mind 
;n  backfiring  for  brown-spot  control.  One 
o  keep  surface  temperatures  low — best  ac- 
iplished  by  firing  against  a  steady  wind  on  cold 
's.  The  other  is  to  secure  a  complete  burn, 
chy  burning  can  result  in  a  rapid  reinfection 
brown  spot. 
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Caution! 

Pesticides  used  improperly  can  be  injurious  to  man,  animals,  and 
plants.  Follow  the  directions  and  heed  all  precautions  on  the  labels. 

Store  pesticides  in  original  containers  under  lock  and  key — out  of  the 
reach  of  children  and  animals,  and  away  from  food  and  feed. 

Apply  pesticides  so  that  they  do  not  endanger  humans,  livestock, 
crops,  beneficial  insects,  fish,  and  wildlife.  Do  not  apply  pesticides  when 
there  is  danger  of  drift,  when  honey  bees  or  other  pollinating  insects  are 
visiting  plants,  or  in  ways  that  may  contaminate  water  or  leave  illegal 
residues. 

Avoid  prolonged  inhalation  of  pesticide  sprays  or  dusts;  wear  protec- 
tive clothing  and  equipment  if  specified  on  the  container. 

If  your  hands  become  contaminated  with  a  pesticide,  do  not  eat  or 
drink  until  you  have  washed.  In  case  a  pesticide  is  swallowed  or  gets  in 
the  eyes,  follow  the  first  aid  treatment  given  on  the  label,  and  get  prompt 
medical  attention.  If  a  pesticide  is  spilled  on  your  skin  or  clothing,  remove 
clothing  immediately  and  wash  skin  thoroughly. 

Do  not  clean  spray  equipment  or  dump  excess  spray  material  near 
ponds,  streams,  or  wells.  Because  it  is  difficult  to  remove  all  traces  of  herbi- 
cides from  equipment,  do  not  use  the  same  equipment  for  insecticides  or 
fungicides  that  you  use  for  herbicides. 

Dispose  of  empty  pesticide  containers  promptly.  Have  them  buried  at  a 
sanitary  land-fill  dump,  or  crush  and  bury  them   in  a   level,   isolated  place. 

NOTE:  Some  States  have  restrictions  on  use  of  certain  pesticides.  Check 
your  State  and  local  regulations.  Also,  because  registrations  of  pesticides 
are  under  constant  review  by  the  U.  S.  Department  of  Agriculture,  consult 
your  county  agricultural  agent  or  State  Extension  specialist  to  be  sure  the 
intended  use  is  still  registered. 
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Wood  Machining  Abstracts,  1968  and  1969 


Charles  W.   McMillin 


■The  purpose  of  this  paper  is  to  abstract  significant 
|bd-machining  literature  that  has  not  been  previously 
■sted  in  English-language  texts  and  bibliographies.1 
II  entries  mainly  represent  publications  of  a  research 

ire,  but  the  author  has  included  trade-journal  articles 
he  judged  to  be  of  interest.  While  most  of  the 

ature  is  from  1968  and  1969,  an  attempt  was  made 

nclude  important  papers  that  had  been  missed  in 

earlier  searches. 


Principal  sources  of  information  were  archival  jour- 
in  wood  science  and  technology,  but  Forestry  Ab- 

:ts,  published  by  the  Commonwealth  Agricultural 
aux,   Farnham   Royal,   England,   and   the   Bureaux' 

\  Title  Service  were  invaluable.  The  search  also  in- 

ed  the  Abstract  Bulletin  of  the  Institute  of  Paper 
Chnistry,  the  USDA  Bibliography  of  Agriculture,  and 
pi] [ications  lists  and  annual  and  periodic  reports  issued 
by  he  regional  USDA  forest  experiment  stations  and 
thi  Forest  Products  Laboratory,  Madison,  Wisconsin. 

Most  of  the  abstracts  were  written  by  the  author 
afr  a  reading  of  the  original  publication.  Some,  how- 
ev,  were  drawn  largely  from  Forestry  Abstracts  and 
ch<  Abstract  Bulletin,  though  with  minor  editorial 
chiges,  deletions,  or  amplifications.  The  author  recog- 
ni:s  that  limits  of  time  and  linguistic  ability  have 
prnably  caused  omissions  and  misinterpretations. 

j'or  continuity  and  convenience  to  the  reader,  the 
or  has  attempted  to  duplicate  the  style  and  format 
he  previous  paper  (Koch  1968,  Bibliographies). 
l  paper  is  abstracted  under  its  major  subject-matter 
>ory;  the  large  categories  are  subdivided.  To  en- 
e  utility,  papers  are  cross-referenced  in  all  pertinent 
calories.  Cross-references  take  the  form: 

Doe.   1966.    (Sawing;  Bandsawing) 

a  reference  indicates  that  the  full  citation  appears 
ie  Sawing  category,  under  the  subhead  Bandsawing. 
subject  matter  heads  are  summarized  in  the  table 


au 
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Ea 
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of  contents.  An  index  of  authors  appears  on  page  34. 
In  two  categories — Grinding,  and  Machining  with  High- 
Energy  Jets — no  papers  were  located. 

HIGHLIGHTS  OF  THE  LITERATURE 

The  review  indicates  that  research  is  continuing  at 
a  high  level.  About  66  publications  per  year  appeared  in 
archival  journals  for  the  years  1963  through  1965. 
Wood  Machining  Abstracts,  1966  and  1967  (Koch 
1968,  Bibliographies)  contained  a  total  of  326  refer- 
ences with  138  titles  from  1966  and  103  from  1967. 
The  total  number  of  references  in  the  present  review 
is  322.  Of  these,  187  are  from  1968  and  89  from  1969. 
The  remaining  47  articles  were  published  prior  to  1968 
but  not  included  in  previous  reviews.  Probably  the  pres- 
ent review  omits  some  publications  that  appeared  late 
in  1969. 

As  in  1966  and  1967,  sawing  research  led  in  activity 
with  47  papers  listed  (exclusive  of  cross-references). 
Of  these,  11  dealt  with  circular  sawing,  11  with  sash 
gangsawing,  and  9  with  shearing. 

Twenty-one  papers  reported  field  trials  and  experi- 
ments with  chipping  headrigs  and  edgers.  As  expected, 
industry  is  rapidly  applying  this  laboratory-developed 
concept. 

Defibrating  of  wood  received  great  attention.  The 
33  papers  cited  here  are  in  sharp  contrast  to  the  8  re- 
viewed during  the  1966  and  1967  period.  Veneer  cut- 
ting was  the  subject  of  39  papers  (up  from  19  papers 
in  the  1966-1967  review). 

Properties  of  the  cutting  edge  and  cutter  also  re- 
ceived considerable  attention:  11  papers  dealt  with  fit- 
ting and  sharpening,  8  with  dulling,  and  5  with  stability 
of  the  cutting  edge.  Twelve  publications  were  devoted 
to  the  problems  of  safety  and  noise  created  by  wood- 
working tools. 


TJ  chief  previous  compilations: 

immittee   on    Recent    Wood    Machining    Literature.    Wood    machining    abstracts,    1957-1958.    Forest    Prod.    Res.    Soc,    Madison.    Wis. 
>  PP.  1959. 

|>mmittee    on    Recent    Wood    Machining    Literature.    Wood    machining    abstracts,    1958-1959.    Forest    Prod.    Res.    Soc,    Madison.    Wis. 
I  PP.  [I960.] 

mmittee  on    Recent    Wood    Machining    Literature.    Wood    machining    abstracts,    1959-1961.    Forest    Prod.    Res.    Soc,    Madison.    Wis. 

PP.  1961. 

ch,  P.  Wood  Machining   Processes.   530   pp.   N.Y. :  Ronald   Press  Co.  1964.  „„„.„„,,,-„.  tt 

ch.   P.,  and   McMillin,   C.   W.  Wood  machining  review,    1963   through   1965.   Forest  Prod.  J.  Part  I.    16(9):  76-82,    107-115;   Part  II. 

(10)  :  43-48.  1966. 

ch,   P.   Wood   machining   abstracts,    1966   and    1967.   USDA    Forest    Serv.    Res.    Pap.    SO-34,    38    pp.    South.    Forest    Exp.    Sta.,    New 

leans.  La.  1968. 


General  machinability  of  lumber  and  particleboard 
was  discussed  in  20  papers.  Ten  papers  were  devoted 
to  barking,  11  to  machining  with  coated  abrasives,  and 
10  to  research  instrumentation  and  techniques.  Thirteen 
papers  discussed  the  history  of  wood  machining  or  were 
of  a  general  nature.  The  effects  of  wood  properties  on 
the  machining  process  were  considered  in  7  papers. 

Despite  the  obvious  risk  of  offending  researchers 
by  omission  or  misinterpretation,  it  seems  worthwhile 
to  attempt  some  mention  of  individual  contributions  in 
various  categories  of  endeavor. 

History  and  general  texts.  —  Brief  histories  of  chain 
sawing  were  presented  by  McArthur  (1969)  and  Pen- 
berthy  (1968),  and  in  two  articles  by  unknown  authors. 
Information  useful  in  the  design,  maintenance,  and  op- 
eration of  woodworking  machinery  was  provided  by 
Conzett  (1969),  Goodness  and  Dunn  (1969),  Minges 
(1969),  and  Schmutzler  (1968).  Kollmann  and  Cote 
(1968)  reviewed  the  technology  of  wood  machining  in 
56  pages  of  their  592-page  book,  Principles  of  Wood 
Science  and  Technology. 

Properties  of  wood.  —  Kennedy  (1968)  discussed 
the  influence  of  anatomical  variables  and  density  on  the 
behavior  of  wood  in  transverse  compression.  McKenzie 
and  Karpovich  (1968)  considered  the  coefficient  of 
friction  as  it  relates  to  wood  machining.  McMillin 
(1968)  described  the  morphological  characteristics  and 
chemical  composition  of  loblolly  pine  wood  (as  distinct 
from  the  properties  of  stems)  in  relation  to  its  specific 
gravity,  growth  rate,  and  distance  from  the  pith. 

Orthogonal  cutting.  —  Hayashi  and  Tochigi  ( 1967, 
1968)  continue  to  explore  the  slow-speed  orthogonal 
cutting  of  veneer.  Keith  and  Cote  (1968)  described 
slip  lines  and  compression  failures  that  occur  in  wood 
cells  of  several  softwood  species  during  microtome  sec- 
tioning. Stewart  ( 1969 )  investigated  the  effect  of  grain 
angle  on  the  quality  of  an  orthogonally  machined  sur- 
face. 

Peripheral  milling.  —  Mori  ( 1969 )  continued  his 
studies  of  the  planing  process. 

Barking.  —  Greaves  (1968)  developed  information 
on  the  adhesion  of  bark  to  wood  during  debarking  of 
steamed  logs.  Polozov  (1967,  1969)  described  con- 
tinued tests  with  a  device  that  utilizes  a  mixture  of 
compressed  air  and  sawdust  as  the  debarking  agent.  The 
technological  and  economic  aspects  of  various  debarkers 
and  debarking  plants  were  considered  by  Holzhey 
(1969). 

Sawing.  —  Beck  ( 1969 )  found  that  performance, 
working  life,  energy  consumption,  and  surface  quality 


were  better  for  framesaw  blades  with  swage-set  tee 
hardened  by  high-frequency  heating  than  for  blades  wi 
spring-set  teeth  coated  with  hard  chromium.  Fonk 
( 1969 )  examined  the  relationship  betwen  kerf  dep 
and  framesaw  stroke  with  special  reference  to  the  qui 
tion  of  sawdust  removal  when  the  stroke  is  less  than  t 
kerf  depth.  Thunell  ( 1968 )  supplied  diagrams  a  i 
graphs  showing  the  vertical  and  horizontal  forces  tl  i 
develop  in  framesaws  with  stroke  lengths  of  600  a 
700  mm. 

Hallock  (1968)  presented  design  characteristics  a , 
performance  data  for  a  new  circular  saw  with  redu(  I 
kerf.  The  saw  is  tapered  in  a  compound  manner,  so  tl  i 
the  board  rubs  the  middle  area  of  the  plate.  Thus, 
is  stressed  (tensioned)  by  heat  generated  during  sawi  j 

Carruthers  (1968)  described  and  illustrated  a  chf 
ping-saw  for  processing  softwood  logs  into  S4S  cai  t 
Instead  of  sawdust,  the  saw  makes  chips  suitable  I 
particleboard;  the  yield  of  sawn  timber  is  the  same  ; 
that  obtained  from  conventional  saws. 

Erickson  (1967,  1968)  and  Johnston  (1967,  19(  I 
investigated  numerous  aspects  of  crosscutting  logs  v 
shear  blades.  They  concluded  that  shearing  forces  i 
greater  in  frozen  than  in  unfrozen  logs,  sharpness  ar ; 
has  little  effect  on  cutting  force,  cutting  force  mere; 
with  increasing  wood  specific  gravity,  increases  in  k;  i 
thickness  rapidly  increase  the  shearing  force,  and  a 
loading  from  the  weight  of  a  straight  stem  has  1 
effect  on  force. 

Jointing,  planing,  molding,  and  shaping. — A  Gen  i 
finger-jointing  system  that  can  produce  up  to  66  jc  i 
per  minute  was  described  by  Cook  ( 1968 ) .  After  i 
joints  have  been  machined,  the  boards  are  united  ' 
continuous  ribbon  by  a  high-frequency  glue-curing  ; 
tern  and  then  cut  to  length. 

Marian  (1968)  and  Ivansson  and  Strom  (1$; 
also  described  cutters  and  other  equipment  for  ma  : 
strong  finger  joints.  The  fingers  are  7.5  mm.  long  $ 
tips  0.2  mm.  wide.  Application  of  high  longitiK  i  I 
pressure  permits  transportation  and  processing  of 
joined  pieces  while  the  adhesive  is  setting. 

Hobbs  (undated)  discussed  the  occurrence  of  S 
marks  and  raised,  fuzzy,  or  chipped  grain  in  pla  is 
operations.  He  also  reviewed  the  effects  of  such  vari  I  ■ 
as  knife  cuts  per  inch,  feed  rate,  cutterhead  speed,  c  w 
of  cut,  cutting  angle,  moisture  content,  and  wood  .'■• 
cific  gravity  on  the  quality  of  the  finish. 

Turning.  —  Rietz  and  Jenson  (1968)  gave  Am 
specifications  for  producing  check-free  turnings  »n 
beech  wood. 


Boring,  routing,  and  carving.  —  Chudnoff  and 
ytia  ( 1967 )  studied  the  spindle  cat ving  of  several 
pical  hardwoods.  Generally,  carvings  machined  from 
en  wood  had  better  surfaces  than  did  carvings  ma- 
led  from  dry  wood.  Fuzzy  grain  was  the  principal 
;ct  in  green  carvings,  while  split-outs  were  most 
ous  in  dry  carvings. 

According  to  Kotesovec  ( 1968 ) ,  cylindrical  holes 
be  made  in  wood  by  thermal  decomposition,  with 
s  that  generate  frictional  heat. 

For  drilling  standard  hardboards,  Priest  ( 1968 ) 
immended  rotational  speeds  of  3,000  to  4,000  r.p.m. 
:  a  drill  point  angle  of  170°. 

Machining  with  coated  abrasives.  —  Buell  and 
•(•ens  (1968)  provided  two  schedules  for  sanding 
cd-plastic  combinations  to  a  uniform,  glossy  finish. 
Ejuson  (1968)  and  Connolly  (1969)  discussed  the 
ious  functions  of  sanding  in  furniture  finishing  and 
bribed  the  backings,  adhesives,  and  granules  used  in 

II  manufacture  of  coated  abrasives.  Pahlitzsch  and 
ler  ( 1968 )  continued  their  basic  research  on  machin- 
1,  with  coated  abrasives. 

Veneer  cutting.  —  Cade  and  Choong    ( 1969 )    re- 
ed that  the  tensile  strength  of  southern  pine  veneer 
negatively  correlated  with  cutting  velocity  and  posi- 
y  correlated  with  log   diameter.   Cumming  et   al. 
159)   examined  the  rotary  cutting  characteristics  of 
lg-growth  redwood  and  gave  recommendations  for 
a  ng  veneer  equal  in  quality  to  that  from  old-growth 
^zood.  Feihl  and  Carroll  (1969)  disclosed  the  posi- 
h|  advantages  of  rotary  cutting  with  an  air-actuated 
icing  nosebar.  Feihl   ( 1967 )   traced  the  development 
f  ioller-bars,   discussed   their   maintenance,   and   com- 
a'd  their  performance  with  that  of  fixed  bars. 

fetcalin  ( 1968 )  recommended  that  ash  wood  be 
eted  to  113°  F.  prior  to  cutting,  while  Hailey  et  al. 
lf>8)  recommended  a  24-hour,  160°  F.  treatment  for 
aim  fir.  Kubinsky  and  Sochor  (1968)  softened 
o|us  hardwoods  in  water  at  266°  F.  and  under  pres- 

III  of  114  p.s.i.;  under  these  conditions,  treatment 
in  was  reduced  from  100  hours  to  4  to  12  minutes. 

>eters  (1968),  Peters  and  Zenk  (1968),  and  Peters 
t  .  (1968,  1969)  continued  to  report  results  on  slic- 
n^rhick  veneer  (thin  lumber).  They  investigated  mul- 
ip  flitches  and  precompression  of  flitches,  cutting 
p<Hs,  types  of  pressure  bars,  and  degrees  of  pressure- 
compression  and  restraint. 

Woodruff  ( 1966 )  compared  the  bending  strength 
>f  earns  made  from  slicewood  cut  at  varying  degrees 
>f  fecompression  to  the  strength  of  beams  made  from 
Km.  laminae.  Strength  was  independent  of  degree  of 


precompression  and  knife  angle  but  appeared  to  be 
lower  for  beams  from  slicewood  than  for  those  from 
sawn  laminae. 

Chipping,  flaking,  and  grinding.  —  According  to 
de  Montmorency  (1969)  chip  requirements  are  es- 
sentially the  same  for  the  kraft,  sulphite,  and  refiner 
groundwood  processes.  The  separation  of  bark  from 
chips  was  discussed  in  papers  by  Benson  and  Peckham 
(1968),  Einspahr  et  al.  (1969),  and  Erickson  (1968). 

The  power  required  to  produce  wood  chips  with 
an  18-inch,  twin-disk  chipper  was  measured  by  Pap- 
worth  and  Johnson  (1968).  Specific  chipping  energy 
increased  with  wood  density.  There  was  little  difference 
in  energy  requirements  between  frozen  and  unfrozen 
wood.  Horsepower  consumption  increased  with  log 
diameter. 

Bryan  (1969)  and  Shepard  (1968)  discussed  a 
slabbing-chipper  that  is  located  just  ahead  of  a  band 
or  circular  headrig.  The  chipper  removes  a  slab  from 
the  log  while  the  saw  makes  the  first  lumber  cut.  Thus, 
it  is  possible  to  produce  one  board  and  pulpable  chips 
in  a  single  pass  of  the  carriage.  Numerous  additional 
references  dealt  with  field  trials  of  chipping  headrigs 
and  with  the  general  state  of  the  art. 

Cervenak  (1967),  Blumenstock  (1968),  and  an 
anonymous  author  (1968)  described  a  new  mobile  de- 
barker-chipper  powered  by  a  gas-turbine  engine.  The 
unit  is  intended  for  chipping  tree-length  logs  up  to 
22  inches  in  diameter  at  a  rate  of  120  lineal  feet  per 
minute;  it  is  operated  by  one  man  and  can  chip  25 
cords  per  hour. 

Lutz  et  al.  ( 1969 )  evaluated  four  methods  of  blank- 
ing softwood  dimension  lumber  to  produce  flakes  suit- 
able for  particleboard  while  simultaneously  generating 
a  smooth  lumber  surface. 

Defibrating.  —  Allen  et  al.  ( 1968 )  investigated  the 
production  of  refiner  groundwood  from  deciduous 
species  while  Braun  and  Davis  ( 1969 )  studied  the 
printability  and  strength  properties  of  stone  and  refiner 
groundwood  pulps  from  various  softwood  species. 

The  manufacture  of  refiner  groundwood  was  the 
subject  of  reviews  by  Fuentes  (1968)  and  Leask 
(1968),  while  Trevelyn  (1969)  reviewed  all  aspects 
of  mechanical  defibrating  with  particular  emphasis  on 
the  southern  pines. 

Hatton  ( 1968 )  demonstrated  that  3  months'  storage 
of  lodgepole  pine  chips  may  substantially  reduce  bright- 
ness of  refiner  groundwood  pulps.  He  recommended 
that  chips  be  processed  with  a  minimum  of  delay. 

In  a  series  of  four  papers,  McMillin  disclosed  certain 
aspects  of  wood  and  pulp  quality  affecting  the  proper- 


ties  of  handsheets  made  from  loblolly  pine  refiner 
groundwood.  He  found  (1968)  that  burst,  tear,  sheet 
density,  and  breaking  length  were  increased  by  applying 
high  refining  energy  and  using  fast-grown  mature  wood 
of  relatively  low  specific  gravity.  Handsheet  properties 
were  also  improved  by  using  fiber  refined  from  wood 
having  long,  slender  tracheids  with  thick  walls  ( 1969 ) . 
A  theoretical  stress  analysis  suggested  that  thick-walled 
cells  of  small  outside  diameter  may  fail  by  diagonal 
tension  or  parallel  shear,  depending  on  the  fibril  angle, 
while  under  torsional  stress  during  refining.  Such  fail- 
ures result  in  ribbon-like  fragments  which  research  else- 
where has  shown  to  provide  the  coherence  necessary  for 
strength  development  in  mechanical  pulps.  In  contrast, 
thin-walled  cells  of  small  outside  diameter  fail  by  diag- 
onal compression  and  yield  few  ribbons.  The  analysis 
also  indicated  that  long  fibers  are  more  desirable  than 
short  fibers  because  of  greater  induced  stresses  and  im- 
proved chances  of  axial  alignment  between  the  disks. 

McMillin  ( 1969 )  further  demonstrated  that  the 
burst  and  tear  strengths  of  handsheets  made  from  chips 
of  varying  chemical  composition  decreased  with  increas- 
ing extractive  content  after  the  independent  effects  of 
fiber  morphology  were  specified.  Lastly,  he  ( 1969 )  ex- 
amined the  quality  of  refiner  groundwood  pulp  as  re- 
lated to  handsheet  properties  and  gross  wood  character- 


istics. 


The  properties  of  fiberboards  manufactured  from 
loblolly  pine  refiner  groundwood  were  also  examined 
by  McMillin  (1968,  1969).  For  the  refining  conditions 
and  formation  procedure  studied,  and  after  allowance 
for  the  effect  of  board  specific  gravity,  most  properties 
were  improved  by  using  fiber  refined  from  dense  core- 
wood  (0  to  10  rings  from  the  pith).  This  wood  con- 
sists of  short,  slender  tracheids  having  thin  walls  that 
flex  easily  and  collapse  readily.  McMillin's  analysis  sug- 
gested that  these  fibers  readily  fail  in  bending  while 
under  stress  induced  by  the  pressing  operation.  Such 
bending  failures  create  conditions  favorable  for  hydro- 
gen bonding,  and  thus  improve  board  properties. 

Properties  of  the  cutting  edge  and  cutter.  —  Barz 
(1967,  1968)  and  Chardin  and  Froidure  (1967,  1968) 
continued  their  research  on  dulling  of  cutting  edges. 
McKenzie  and  McCombe  (1968)  found  that  corrosive 
wear  of  veneer  knives  was  minimized  by  holding  the 
knife  at  a  negative  potential  of  60  volts  with  respect 
to  the  pressure  bar. 

Barz  and  Munz  (1968)  reviewed  a  number  of  test 
methods  for  determining  the  set  or  state  of  stress 
(tension)  in  circular  saws  and  described  a  machine  to 
evaluate  tension,  dimming  and  Gill  (1968)  discussed 
circular  saw  instability  in  relation  to  thermal  gradients 


caused  by  energy  dissipated  in  the  cutting  process  a  i 
from  frictional  rubbing  of  the  saw  against  the  woo' . 

The  role  of  friction  in  wood  cutting  was  review  \ 
by  McKenzie  (1967). 

Research  instrumentation  and  techniques.  —  He  i 
and  Brooks  (1968)  described  a  portable  shadow-castn 
apparatus  for  measuring  vertical  deformations  on  wc : 
surfaces.  Jarrett  ( 1969 )  discussed  the  use  of  electro 
vibration  analyzers  to  detect  machine  disorders.  McK  i 
zie  (1969)  described  a  procedure  for  obtaining  quai : 
tative  data  on  strains  associated  with  penetration  o 
cutting  edge   into  wood,  while  Schmidt  and   Herb 
( 1968 )  designed  a  photoelectric  torsional  dynamome  i 
for  measuring  the  input  power  requirements  of  rotat  I 
machinery. 

Safety,  including  noise.  —  Axelsson  (1968)  del: 
eated  the  effects  of  vibrations  on  fingers  and  hands  i 
those  who  operate  power  saws  and  suggested  tolera 
limits.  Greenwood  (1968)  described  an  enclosure  i 
signed  for  reducing  noise  levels  near  planing  and  mc 
ing  machines.  Electrical  grounding  techniques  were  i 
viewed  by  Klufas  (1968),  and  Larson  (1968)  enurr : 
ated  safety  precautions  for  chain  saws. 

Wood  machining  in  man's  environment.  —  To 
author,  present  trends  in  wood  machining  have  impl  : 
tions   in   two  areas  of  considerable   contemporary  i 
terest:  the  need  for  improving  the  environment,  and 
problem  of  deriving  increasing  amounts  of  wood  f: : 
from  a  continually  shrinking  forest  acreage. 

Kerfless  shears  for  felling  trees  and  bucking  1 > 
are  increasingly  used  in  forestry,  and  further  deve  : 
ments  can  be  anticipated.  They  save  fiber  now  lost  s  " 
stumps  are  low  and  -hain  saw  cuts  are  not  requi  i 
Properly  designed  and  operated,  these  machines  : 
well  minimize  damage  to  site  ecology. 

The  most  significant  recent  development  in  tint 
processing  has  been  the  widespread  adoption  of  c 
ping  headrigs.  By  eliminating  much  sawdust  these  i 
chines  remove  one  source  of  air  pollution,  since  saw 
still   has   limited   uses   and    is   chiefly   disposed  of 
burning. 

Researchers  at  the  USDA  Forest  Products  Labora  <■' 
continue  development  of  a  machine  for  kerfless  cut  i ; 
of  cants  and  logs  into  thin  lumber.  This  procers  I 
further  inciease  the  yield  of  merchantable  solid  w  <; 
sawdust  and  its  attendant  disposal  problems  are  avoi  1 

The  wood  fiber  industry  appears  ready  to  accep  ' 
creased  quantities  of  pulps  made  by  mechanical  m  is 
—  that  is,  by  stone  grinding  or  by  disk  defibrators.  !  ip 
pulps  are  potentially  suited  for  a  wide  variety  of  f  r 


cts.  The  processes  increase  recovery  of  fiber  per  ton 
f  raw  material,  and  thus  have  the  effect  of  augmenting 
le  timber  supply.  Since  few  or  no  chemicals  are  re- 
aired,  and  lignin  and  other  soluble  wood  constituents 
e  not  removed,  it  appears  that  another  source  of  water 
id  air  pollution  may  soon  be  reduced. 

Other  wood  scientists  have  directed  their  attention 
ward  man  in  relation  to  his  working  environment. 


Notably,  considerable  research  is  aimed  at  controlling 
the  excessive  level  of  noise  associated  with  many  types 
of  woodworking  equipment. 

Thus,  both  the  solid  wood  products  industry  and 
the  fiber  industry  appear  to  have  moved  closer  to  com- 
plete utilization  of  the  whole  tree  while  effecting  im- 
provements in  the  environment  in  which  man  lives  and 
works. 
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merits  and  functions  of  the  now  obsolete  "scratcher  type"  and 
"chisel  type"  saw  chains,  analyzes  recent  innovations  and 
improvements  such  as  the  "power-sharp  chain,"  and  evaluates 
the  "chipper  chains"  of  today. 

Schmutzler,   W.     1968.     problems   in  the   CONSTRUCTION 

OF  MODERN  WOOD  WORKING  MACHINES.  Holz  als  Roll-  und 
Werkstoff    26:    237-243- 

The  interrelationships  of  speed,  bearing  load,  fit,  and  lubrica- 
tion are  reviewed.  Chip  suction  systems  and  causes  and  reduc- 
tion  of  noise   in   woodworking   machines  are   discussed. 


Schmultzler,  W.     1969.    the  application  of  mathemati- 
cal SYSTEMS  IN  OPERATION   PLANNING  OF  MACHINES.      Holz 

als  Roh-  und  Werkstoff  27:    337-343. 

A  mathematical  model  for  estimating  the  relationship  between 

available  and  required  processing  times. 


Sointu,  R.       1969.      THE  SAWMILLING  INDUSTRY  IN   FINL/ 

Paperi  ja  Puu  51(1):    13-22. 

Significant  developments  over  the  past  40  years  include 
creased  kiln-drying  at  the  mill,  mechanization  in  hand 
sawn  goods,  utilization  of  residues,  and  the  use  of  data-pro, 
ing  machines. 


PROPERTIES  OF  WOOD 


Braun  and  Davis.      1969.      (Defibrating) 


Greaves,  H.  1968.  preliminary  investigation  on  steam 
debarking.  CSIRO  Australian  Forest  Prod.  Newsletter  353, 
pp.  1-3. 

Bark  was  more  easily  stripped  when  logs  were  steamed  for 
1  to  2V2  hours  than  when  not  steamed.  Microscopic  examina- 
tion showed  that  steaming  disrupted  the  cells  of  the  vascular 
cambium  by  degrading  the  structural  pectin  or  causing  differ- 
ential rates  of  expansion  betiveen  the  lignified  xylem  and  the 
phloem  cells. 

Keith  and  Cote.   1968.    (Orthogonal  Cutting) 

Kennedy,  R.  W.  1968.  WOOD  IN  TRANSVERSE  COMPRES- 
SION— INFLUENCE    OF    SOME    ANATOMICAL    VARIABLES    AND 

DENSITY  ON  BEHAVIOR.  Forest  Prod.  J.  18(3):  36-40. 
Species  studied  were  Douglas-fir,  western  redcedar,  sugar  pine, 
white  oak,  chestnut,  beech,  white  elm,  yellow  birch,  and  black 
ii'illow.  Within  a  species,  specimens  loaded  in  a  radial  direction 
(load  applied  to  a  tangential  face)  generally  were  stronger  than 
those  loaded  in  a  tangential  direction.  Stress  at  the  proportional 
limit  and  modulus  of  elasticity  were  at  minimum  when  rings 
were  oriented  30°  to  45°  relative  to  the  direction  of  loading. 
High  ray  volumes  tended  to  lessen  stress  values  when  speci- 
mens were  loaded  on  a  radial  face;  when  specimens  were 
loaded  on  a  tangential  face,  the  proportional-limit  stress  in- 
creased although  modulus  of  elasticity  did  not.  The  ratio 
between  proportional-limit  stress  applied  radially  and  applied 
tangentially  increased  with  increasing  ray  volumes,  and  de- 
creased with  increasing  latewood  content  and  differential  density 
within  a  growth  ring. 

McKenzie,  W.  M.,  and  Karpovich,  H.  1968.  THE  FRIC- 
nONAL  BEHAVIOUR  OF  WOOD.  Wood  Sci.  and  Technol.  2: 
139-152. 

Deviations  from  the  classsical  laws  of  friction  ivere  noted.  Of 
particular  significance  was  the  variation  in  the  friction  coeffi- 
cient with  changes  in  sliding  speed.  On  highly  polished  steel 
and  with  sliding  speeds  up  to  4  m.  per  second,  the  coefficient 
undulated;  but  for  unpolished  surfaces  a  monotonic  reduction 
in  friction  was  observed,  and  was  somewhat  greater  in  wet 
wood  than  in  dry  wood.  The  coefficient  was  relatively  unaf- 
fected by  load,  nominal  contact  area,  and  fiber  direction.  Results 
were  explained  in  terms  of  adhesion  and  lubrication.  From  the 
wide  selection  of  species  tested,  it  appeared  that  the  nature  and 
amount  of  extractives  in  most  woods  cause  them  to  have  sim- 


ilar friction  coefficients  except  on  very  smooth  steel.  A  \> 
"greasy"  species  had  significantly  lower  coefficients.  For  ;ii 
air-dry  woods  in  contact  with  unpolished  steel,  the  coeffu  I 
ranged  from  a  static  value  of  about  0.65  to  a  value  of  a  \t 
0.40  at  4  m.  per  second.  For  wet  wood,  the  correspon  h 
values  were  about  0.70  and  0.15.  Coefficients  of  friction\ 
tween  two  wood  surfaces  were  similar  to  those  between  t  d 
and  rough  steel.  The  coefficient  between  wood  and  1  jjr 
materials  varied  in  a  manner  which  may  have  been  relate  !? 
strength  of  adhesion. 

McMillin,  C.  W.  1968.  CHEMICAL  COMPOSITION  OF  [■ 
LOLLY  PINE  WOOD  AS  RELATED  TO  SPECIFIC  GRAM', 
GROWTH    RATE,    AND   DISTANCE    FROM    PITH.     Wood    Sci.   :i 

Technol.  2:   233-240. 

The  alpha-cellulose,  hemicellulose,  holocellulose,  lignin,  ,1 
extractive  contents  of  loblolly  pine  wood  were  independ  n 
related  to  specific  gravity,  rings  from  the  pith,  and  gr4b 
rate.  The  results  are  unique  in  that  they  characterize  i 
chemical  composition  of  wood  as  distinct  from  the  chei  U 
composition  of  stems. 

McMillin,  C.  W.  1968.  MORPHOLOGICAL  CHARACTERS  I S 
OF  LOBLOLLY  PINE  WOOD  AS  RELATED  TO  SPECIFIC  GRA  1  , 
GROWTH    RATE,    AND    DISTANCE    FROM    PITH.     Wood    Sci.    i 

Technol.    2:     166-176. 

Length  and  tranverse  cellular  dimensions  were  determine  '  ; 
earlywood  and  latewood  tracheids  of  wood  removed  from  .  '  | 
of  loblolly  pine  and  factorially  segregated  by  specific  gr,  k 
rings  from  the  pith,  and  growth  rate.    The  independent  1 
tionships  of  each  factor  with  fiber  morphology  are  desci  d. 

McMillin.     1968.      (Defibrating) 

McMillin.     1969.      (Defibrating) 

Polcin,  Wayman,  Anderson,  and  Rapson.     1969-     (Defibra  i  ) 

Schumann  and  Pillow.  1969.  (Machinability  of  Lumbe  d 
Particleboard) 

Sima,  P.       1968.      THE  PHNOMENON  OF  FRICTION  IN  SL  :  G 

WOOD  by  gravity.     Rev.  Padurilor  83(1):   28-34. 


Vasilev,    J.    K.,    and    Narolin,    V.    I.    1968.    STUDY    OF     E 
FRICTION  SURFACE  OF  COMPRESSED  WOOD  BY  MEANS  OI     E 
MICROHARDNESS  METHOD.     Les.   Zh.    11(4):    79-82. 
Presents  data  on  the  friction  of  compressed-wood  compc  't>i 
on  steel,  with  and  without  lubrication  by  silicon  fluid  or    I 


ORTHOGONAL  CUTTING 


Hayashi,  D.,  and  Tochigi,  T.  1967.  EFFECTS  OF  NOSEBAR 
SHAPE  IN  VENEER  CUTTING.  I.  FORCE  ANALYSIS  DURING  THE 
ORTHOGONAL  CUTTING  PROCESS.    Wood  Ind.  22(12):    14-18. 


Forces  exerted  on  the  nosebar  were  less  on  a  nosebar 
land  than  on  a  conventional  nosebar.    The  effect  of  land   I 
on  forces  increased  as  the  horizontal  nosebar  opening  deer  I 


ecreasing  the  vertical  opening  increased  forces,  especially  on 
bar  having  a  land  of  0.2  mm.  The  width  of  the  land  did 
it  affect  cutting  forces  on  the  knife. 

ayashi,  D.,  and  Tochigi,  T.  1968.  EFFECTS  OF  NOSEBAR 
iAPE  IN  VENEER  CUTTING.  II.  EFFECTS  OF  THE  LAND  ON 
HE  NOSEBAR  ON  LATHE  CHECKS.  Wood  Ind.  23(1)  :  15-19- 
nalyzes  the  depth,  length,  penetration  angle,  and  spacing  of 
•the  checks  in  relation  to  the  amount  of  nosebar  bevel  or  land, 
esults  were  best  with  a  nosebar  bevel  of  0.5  mm.,  and  vertical 
id  horizontal  spacings  between  nosebar  and  knife  of  95  and 
0  to  40  percent  of  veneer  thickness,  respectively. 

eith,    C.    T.,    and    Cote,    W.    A.,    Jr.      1968.     MICROSCOPIC 
HARACTERIZATION   OF   SLIP   LINES  AND  COMPRESSION    FAIL- 
RES  IN  WOOD  CELL  walls.    Forest  Prod.  J.   18(3):   67-74. 
\eformations  introduced  during  microtoming  were  investigated 
\r  several  softwood  species.    It  was   concluded  that   the  fre- 
Vency  of  slip  lines  in  radial  sections  ivas  closely  related  to  the 
ke  of  the  angle  between  the  microtome  knife  edge  and  the 
er  direction.    Slip  lines  were  less  frequent  in  unboiled  than 
boiled  blocks.    The  orientation  of  the  slip  lines  was  asso- 
ted  with  the  positioning  of  the  section  with  respect  to  the 


knife.  Specimens  of  Japanese  larch  were  loaded  at  the  1/3- 
points  of  a  9-inch  span  on  the  flat-grained  surface  nearest  the 
bark  and  sectioned  for  microscopic  examination.  They  showed 
compression  lines  only  in  the  central  span  region;  abundance 
of  cell-wall  deformations  decreased  from  the  compression  to 
the  tension  side.  There  was  an  apparent  relationship  between 
locations  of  ray  contact  areas  and  bands  of  microscopic  com- 
pression. Electron-microscope  examination  of  carbon  replicas 
of  white  pine  showed  (in  surface  view)  cell-wall  deformations 
as  folds  or  wrinkles,  and,  in  sectional  views  of  the  tangential 
cell  walls  of  latewood  tracheids,  as  zones  of  displacement  of 
microfibrils. 

Stewart,  H.  A.     1969.     effect  of  cutting  direction  with 

RESPECT  TO  GRAIN  ANGLE  ON  THE  QUALITY  OF  MACHINED 
SURFACE,  TOOL  FORCE  COMPONENTS,  AND  CUTTING  FRICTION 

coefficient.  Forest  Prod.  J.  19(3):  43-46. 
Samples  of  white  ash,  one-quarter  inch  wide  and  conditioned 
to  7-percent  moisture  content,  were  orthogonally  cut  at  vary- 
ing grain  inclinations  from  90-0°  to  90-90°.  Cuts  were 
made  against  and  with  the  grain.  The  character  and  appear- 
ance of  the  surfaces  are  illustrated  and  compared  to  fluctuations 
in  the  normal  and  parallel  tool  force  components. 


PERIPHERAL  MILLING  PARALLEL  TO  GRAIN 


bri,  M.     1969.     an  analysis  of  cutting  work  in  pe- 

jPHERAL    MILLING    OF   WOOD.     I.     ON    THE    WORK    DONE    BY 
KNIFE  IN  UP-MILLING  PARALLEL  TO  WOOD  GRAIN.     J.  Jap. 

'lood  Res.  Soc.  15(3)  :  93-98. 


Vasilevskaja,  P.  V.,  Ivanovskij,  E.  G.,  and  Lautner,  E.  M. 
1969-  EFFECT  OF  THE  ANGLE  PARAMETERS  OF  THE  CUTTER 
ON  THE  DYNAMIC  AND  ELECTRICAL  CHARACTERISTICS  OF 
THE   CUTTING   PROCESS.    Derev.   Prom.    18(3):    12-13. 


BARKING 


/'onymous.     1968.     a  first  at  Weyerhaeuser  :  turbine- 

FWERED    MOBILE     DEBARKER-CHIPPER     GOES     50  %     FASTER. 

Fp   and    Pap.    42(45):    50. 

Aonymous.  1968.  (Chipping,  Flaking,  and  Grinding;  Mo- 
b-  Chippers) 

Bison  and  Peckham.  1968.  (Chipping,  Flaking,  and  Grind- 
i«  Chipping) 

-Cfaves.     1968.      (Properties   of   Wood) 

Mzhey,  G.  1969.  modern  debarkers — their  technologi- 
C,  AND  ECONOMICAL  ASPECTS.     Holz  als  Roh-  und  Werk- 

.JtK  27:  81-102. 
Tbnical  and  economic  aspects  of  modern  debarking  machines 
ai  plants  are  discussed  in  detail. 

Mo,  J.  1968.  TREE  MONKEY  GOES  TO  MARKET.  Northern 
L<t?er  16(7):    18-19,  34-35. 

Tq  machine  prunes  straight  trunks  of  either  conifers  or  hard- 
u'uis  having  diameters  between  4  and  9  inches.  Two  men 
Vm  one  machine  can  prune  to  a  height  of  one  log  in  about 
3  mutes.   The  unit  will  cut  limbs  up  to  2  inches  in  diameter. 

M;ev,  A.     1968.     the  effect  of  certain  factors  on 

WHFIC  RESISTANCE   DURING   THE   BARKING   OF    LOGS.      Can. 

D«.  Forest.  Transl.  273,  18  pp. 

M.rencev,  V.  A.     1967.     analytical   investigation   of 

»  WORK  OF  ROTOR-TYPE  BARKERS.    Les.  Zh.   10(3)  :   87-93. 


Polozov,  M.  I.  1967.  EXPERIMENTAL  STUDIES  ON  THE  PRO- 
CESS OF  BARKING  WOOD  BY  A  JET  OF  COMPRESSED  AIR  WITH 
A  SOLID  (SAWDUST)  FILLER.  Les.  Zh.  10(6):  71-75. 
For  jet  pressures  of  up  to  25  atmospheres,  barking  efficiency 
increased  with  increasing  pressure.  Optimum  jet  mixture  was 
99.5  to  993  percent  air  plus  0.5  to  0.7  percent  sawdust,  by 
volume.  Lavals'  nozzle  was  found  to  be  the  most  efficient: 
the  nozzle  should  be  at  an  angle  of  20  to  40°  to  the  log 
with  lengthwise  mounting,  or  30  to  40°  with  transverse 
mounting. 

Polozov,  M.  I.       1969.      EXPERIMENTAL  PNEUMATIC  BARKING 
INSTALLATION.     Lesnaya  Prom.    (2):   11-12. 
Describes  the  latest  stage  in   the  development  of  this  experi- 
mental Soviet  barker. 

Vlasov,  G.  D.,  and  Pokryskin,  O.  V.     1968.     THE  PRODUCTIV- 
ITY OF  barking  machines.    Derev.  Prom.  17(10)  :  9-10. 
Photographic  time  studies  revealed  ways  of  increasing  the  pro- 
ductivity of  several  rotor-type  barkers. 

Vyplel,  K.  1969.  economics  of  machine  barking. 
Holz-Zentralbl.   95(113):    1707-1708. 

Zadorozynj,  V.  V.,  and  Mireckij,  V.  O.  1968.  BARKING 
WOOD  WITH  THE  AID  OF  ELECTRIC  CHARGES  IN  WATER. 
Lesnaya  Prom.    (11):    11-12. 

A  shock  wave  generated  by  a  high-voltage  electrical  discharge 
in  water  was  used  to  debark  hardwood  logs.    Tests  were  made 


on  spruce,  birch,  aspen,  and  beech  in  the  freshly  felled,  floated, 
dry,  and  frozen  condition.  Best  results  were  obtained  when 
the  electrodes  were  installed  parallel  to  the  log  and  10  to  7  5 
mm.  from  it.  Optimum  electrical  parameters  were:  capacitance 
2  jif;  voltage  35  to  50  kv.  Barking  quality  was  better  for 
birch  and  aspen  than  for  spruce.  Good-quality  barking  was 
achieved  on  freshly  felled,  frozen,  and  dry  hardwoods.   Mechan- 


ically incising  the  bark  in  a  longitudinal  direction  was  vei  i 
helpful,  especially  with  birch.  With  freshly  felled  wood,  ele  ■ 
trical  consumption  (in  kw.-hr.  per  cu.  m.)  was  to  0.3  to  0.6 
for  birch  and  aspen,  0.5  to  0.7  for  beech,  and  0.8  to  1.3  fc 
spruce.  With  dry  and  frozen  wood,  consumption  was  greate , 
reaching  n  maximum  of  2  to  2.5   kw.-hr.   per  cu.   m. 


SAWING 


GENERAL 

Anonymous.  1968.  (Properties  of  the  Cutting  Edge  and 
Cutter;   Fitting  and  Sharpening) 

Anonymous.  1969-  (Properties  of  the  Cutting  Edge  and 
Cutter;    Fitting   and   Sharpening) 

Ask,  W.  1968.  TRAPEZOIDAL  SAWING:  POSSIBILITY  OF  SUB- 
STANTIAL   increase    in   yield.     Drevo    23:    364-367. 

Axelsson.      1968.      (Safety,    Including   Noise) 

Bois,  P.  J.  1968.  WEIGHT  OF  sawdust  from  several 
SOUTHERN  APPALACHIAN  WOOD  SPECIES.  Forest  Prod.  J. 
18(10):    52-54. 

Tabulates  the  weight  of  sawdust  of  red  oak,  white  pine,  short- 
leaf  pine,  and  red  maple  at  various  moisture  contents.  Three 
degrees  of  sawdust  compaction  are  considered:  lightly  com- 
pacted,   shaken,    and   densely    packed. 

Esterer  and  Blasy.      1969-      (History  and  General  Texts) 

Kubler,  H.  1968.  semitubular  boards  ...  a  new  saw- 
ing method.  Forest  Prod.  J.  18(5)  :  24-25. 
A  patented  machine  made  by  Schelling  &  Co.,  Schwarzach/ 
Vorarlberg,  Austria,  employs  a  line  of  four  hollow  cylindrical 
saws  of  successively  larger  diameter  to  produce  four  half- 
cylindrical  "boards"  and  a  core  from  each  half  log.  The  manu- 
facturer claims  a  higher  lumber  yield  than  with  conventional 
saws,  as  no  slabs  or  edgings  are  produced.  Maximum  capacity 
of  the  machine  is  600  lineal  feet  per  hour  when  sawing  half- 
logs  7  inches  in  diameter.  Aspects  of  drying  the  "boards" 
and  their  use  in  such  products  as  corrugated  panels  for  roofs 
and  walls  and  tubular  ducts  are   described. 

Panasevic,  T.  G.  1968.  IMPROVEMENT  OF  METHODS  OF 
studying  work  processes  in  saw-milling.  Derev.  Prom. 
17(3):    1-3. 

Tavoda,  J.     1968.     band  saws  or  FRAME  saws  FOR  SAWING 
OF  BEECH  LOGS?    Drevo  23(12):   402-405. 
Compares    the    performance    of    the    two    types    of    saws    and 
indicates  factors  to  be  considered  in  selecting  suitable  machines. 

Thompson,  W.  S.,  and  Darwin,  W.  N.  1968.  WEIGHT,  VOL- 
UME AND  MOISTURE  CONTENT  OF  SAWDUST   FROM   SELECTED 

SOUTHERN  SPECIES.  Forest  Prod.  J.  18(9)  :  96. 
Uniformly  packed  sawdust  from  freshly  felled  stems  of  green 
ash,  cottonwood,  baldcypress,  soft  elm,  sugarberry,  red  and 
white  oak,  pecan,  sweetgum,  black  willow,  and  yellow-poplar 
had  an  ovendry  weight  equal  to  about  one-third  that  of 
ovendry  solid  wood. 

Tsolakides.  1969.  (Machinability  of  Lumber  and  Particle- 
board) 

Yu,  K.  C.  1968.  THE  FRICTION  SAWING  OF  WOOD.  Forest 
Prod.  J.  18(11):  65.   See  also  M.  Ap.  Sc.  Thesis.   Univ.  Brit. 


Columbia,  Vancouver,  B.C.     1966. 

Friction  sawing  with  a  high-speed  rotating  disk  was  tested  ( n 
Douglas-fir    and    western    redcedar.     A    14-inch-diameter,    I  ij| 
gage  steel  disk  with  a  smooth  edge  was  driven  at  4,620  r.p.t  » 
Results  showed  that  frictional  forces,  power  consumption,  at , 
cutting  temperature  increased  with  feed  speed.    Moisture  co  ■ 
tent  had  no  noticeable  influence  on  the  cutting  action.    A  ru 
row    kerf    and   straight,    smooth,    polished    surfaces    are    sot 
of  the  advantages  of  the  process.    Reasonably  high  feed  spee  . 
were  possible   in   cutting   plywood  and  veneer.    It   is   possil  i 
that  friction   sawing   may   be   useful   in   cutting   plastic   shee 
A   theoretical  analysis   of   heat  transmission   characteristics  a  I 
temperature  distribution  in  the  sawing  disk  is  also  presentt  i 


1968. 


BANDSAWING 

( Research     Instrumentation    and    Tef 


Anonymous, 
niques) 

Anonymous.  1968.  EFFECT  OF  DEFECTIVE  TEETH  IN  BAK 
SAWING.  Can.  Dep.  Forest,  and  Rural  Develop.  Res.  NfN. 
11(1):    5. 

White  spruce,  red  pine,  and  yellow  birch  at  moisture  conte  . 
above  35  percent  were  ripped  with  a  single-tooth  cutting  I 
paratus.  Feed  speeds  varied  between  50  and  100  f.p.m.  H< ) 
angle  was  35° ,  clearance  angle  was  10°,  and  kerf  width  i  i 
lA  inch.  Defective  teeth  were  simulated  by  grinding  the  to  t 
edge  at  an  angle  of  79°  to  the  direction  of  cutting  instead  i 
at  the  normal  90°.  This  change  reduced  the  principal  f(  l 
by  10  to  15  percent  for  white  spruce  and  red  pine,  but  indu  t 
lateral  forces  that  about  equalled  the  reduction  in  the  print; ' 
force.  For  yellow  birch,  the  reduction  in  principal  force  ' 
slightly  less  than  1 0  percent,  while  the  induced  lateral  ft ' 
was  between  10  and  15  percent  of  the  original  princ  i 
force.  When  a  corner  of  the  tooth  was  broken,  a  lateral  f< ' 
as  great  as  35  percent  of  the  principal  force  was  measu  s 
It  was  concluded  probable  that  successive  broken  corners  • 
teeth  of  handsaws  may  cause  lateral  deflections  of  the  b  I 
and  lead  to  inaccuracies  in  sawing. 

Anonymous.     1968.    STENNER's   new   double   bands 
Timber   Trades   J.    264(4774):    59-60. 
This  36-inch,  double  handsaw  is  particularly  suitable  for  s  i 
softwood  logs  such  as  thinnings  of  4  to  10  inches  in  dian 
and  5  to  20  feet  in  length.   The  chain  and  lug  feed  gear  f. 
to  be  patented)  permits  a  high  feed  speed  (150  f.p.m.)  * 
the  log  is  not  in  contact  with  the  saw.    When  sawing, 
possible  to  automatically  or  manually  select  one  of  three  < 
speeds  (25,  35,  and  55  f.p.m.)    It  is  claimed  that,  apart  .  < 
the  saving  of  time  achieved  by  making  two  cuts  at  one 
the  percentage  of  time  spent  in   actual  sau  ing   is  more 
twice   that   of   a   conventional   bandmill..     The    manufacU  > 
Stenner,  Ltd.,  Tiverton,  Devon,   England,  also  plan  a  48  > 
model.  '*■ . 
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rkeland,  R.  1967.  INVESTIGATIONS  ON  SAWING  ACCU- 
CY  FOR  BIG  BANDSAWS  WHEN  SAWING  FROZEN  AND  UN- 
OZEN  LOGS  WITH  DIFFERENT  FEED  SPEEDS  AND  DIFFER- 
T  SWAGE  SIZES.  Norsk  Skogindustri  21(7):  244-250. 
sts  were  conducted  on  a  vertical  handsaw  having  a  60-inch 
\eel,  blade  thickness  of  1.47  mm.,  and  blade  width  of  230 
n.  For  unfrozen  logs  of  Picea  abies,  a  saw  velocity  of 
m.  per  second  was  used  for  each  of  two  tooth  shapes.  For 
<zen  logs,  one  tooth  shape  was  tested  and  logs  were  cut 
a  saw  velocity  of  35  m.  per  second.  It  was  concluded  that 
ving  accuracy  in  unfrozen  logs  is  independent  of  (or  only 
ghtly  dependent  on)  feed  speed  above  certain  values  for 
age.  For  a  tooth  pitch  of  IV2  inches,  the  minimum  swage 
\s  2.5  mm.;  for  a  tooth  pitch  of  2  inches,  the  minimum  was 
!5  mm.  Sawing  accuracy  is  better  for  unfrozen  than  for 
\zen  logs.  Frozen  sawdust  is  less  compressible  within  the 
uet  than  unfrozen  sawdust. 

rruthers,  J.  F.  S.,  and  Burridge,  M.  S.  1968.  F.P.R.L. 
TOMATED  RESAWING  SYSTEM.  Timber  Trades  J.  266- 
795):  49,  51. 

'prototype  automated  resaw  system  requiring  only  one  oper- 
\r  has  been  designed  by  the  Forest  Products  Research  Lab- 
itory  in  England.  The  device,  built  around  a  175-mm.- 
ite  handsaw,  provides  (with  further  development)  the  first 
\>e  in  a  completely  automatic  processing  line  which  would 
vept  sawn  timber,  cut  it  to  size,  and  plane  or  mold  it  to 
!>  required  section.  A  diagrammatic  layout  is  included. 

F|ktistov,  A.  E.  1969.  sawing  accuracy  and  produc- 
rjlTY  of  BAND  SAWS.    Derev.  Prom.  18(4)  :   12-13. 

Kjayama  and  Sugihara.    1968.    (Safety,  Including  Noise) 

Jttitague,  D.  E.  1968.  production  rates  of  log  band- 
W%  FOR  SMALL  SOFTWOOD  LOGS.  Timber  Trades  J.  Annu. 
S]jc.  Issue:  S/l-S/3,  S/35. 

Cnpares  production  rates  of  five  types  of  sawmills:  (Da  54- 
irio  and  60-inch  handsaw  mill  with  Norwegian  "bathtub"  car- 
riie  (Mills  A-l  and  A-2  respectively);  (2)  two  60-inch  band- 
fa'  mills  with  pneumatically  operated  carriages  (Mills  B-l 
m\B-2);  (3)  a  43.2-inch  single  circular  sawmill  with  "bath- 
tef  carriage  (Mill  C);  (4)  a  43.2-inch  single  circular  saw- 
m.  with  rope-driven  table  and  attached  moving  floor  (Mill 
■  and  (5)  a  43.2-inch  double  circular  sawmill  fed  by  a 
sc<g  chain  (Mill  E).  The  circular  mill  with  a  "bathtub"  car- 
fidi  (Mill  C)  had  a  higher  production  rate  than  the  band- 
sa  mills  with  carriages  of  the  same  type  (Mills  A-l  and  A-2), 
btirequired  an  extra  employee  and  was  wasteful  of  material. 
Tl'i  circular  double  slabber  (Mill  E)  also  had  a  notably  high 
pr'uction  rate.  When  only  two  slabbing  cuts  were  taken, 
bafsaws  with  "bathtub"  carriages  had  a  higher  production 
rat]  for  short  logs  than  handsaws  with  pneumatically  oper- 
att\carriages,  but  for  long  logs  the  difference  was  insignificant. 

Shiks.  1968.  (Properties  of  the  Cutter  and  Cutting  Edge; 
Fitig  and   Sharpening) 

SASH   GANGSAWING 

Bapwski.  1968.  (Properties  of  the  Cutting  Edge  and  Cut- 
ter Fitting  and   Sharpening) 

Beii,  E.  1969.  cutting  characteristics  of  frame-saw 
BL,|es treated  in  different  ways.  Holz-Zentralbl.  95(51): 
W50. 

in  '4*7/  tests  on  spruce,  performance,  working  life,  energy  con- 
wmion,  and  cutting  quality  were  better  for  framesaw  blades 


with  swage-set  teeth  hardened  by  high-frequency  heating  than 
for  blades  with  spring-set  teeth   coated  with   hard  chromium. 

Fischer,  R.  1967.  ANALYSIS  OF  DYNAMIC  PROCESSES  OF 
FRAME  SAW  MACHINES  WITH   LATCH   SUPPORT.    Holzindustrie 

20(6):    161-164. 

Fonkin,  V.  F.  1969.  EFFECT  OF  THE  RELATION  BETWEEN 
KERF    DEPTH    AND    FRAME-SAW    STROKE    ON   THE    CHOICE    OF 

TOOTH   PITCH.    Derev.  Prom.    18(7):    11-12. 

Discusses   sawdust  removal  when  the   stroke   is   less   than   the 

kerf  depth,  and  recommends  tooth  pitches  for  such  situations. 

Ioffe,  A.  I.  1967.  THE  NATURE  AND  PARAMETERS  OF 
AUTOMATIC     FEED    CONTROL     IN     A     FRAME     SAW.      Les.    Zh. 

10(6)  :   142-145. 

Presents  an  algorithm  for  the  automatic  regulation  of  log  feed 
into  a  framesaw.  The  algorithm  is  based  on  four  parameters: 
number  of  blades,  tooth  pitch,  log  diameter  or  cant  height, 
and    motor    load. 

Jelinek,  T.  1967.  RECORD  CUTTING  OUTPUT  BY  NEW 
FRAME-SAW    EQUIPMENT:     100-120    CU.M./SHIFT    CONVERTED 

into  BOARDS.  Holz-Kurier  22(36)  :  10-11;   (37)  :  6. 

Krutikov,  N.  S.  1968.  DETERMINING  THE  OPTIMUM  SPEED 
OF    FEEDING    CANTS    INTO    A    FRAME    SAW.    Les.    Zh.     11(2): 

112-115. 

A  theoretical  study  in  which  formulae  are  developed  to  predict 

the  optimum   speed  of  feeding  cants  into  a  frame  saw.    The 

analysis  is  supplemented  by  investigations  in  a  Russian  frame 

sawmill. 

Nguen,     H.       1968.      THE     SURFACE     QUALITY     OF     VIETNAM 

hardwoods  SAWN  BY  frame  SAWS.    Derev.  Prom.  17(10): 

12-13. 

Graphs  the  relationships  of  chip  thickness,  feed  speed,  depth 

of  cut,  tooth  swaging,  and  wood  moisture  content  and  density 

on  surface  roughness  for  several  species.    Gives  feeds  per  tooth 

that  yield  various  surface-quality  classes  in  each  species. 

Potjarkin,  L.  P.  1968.  EXPERIMENTAL  INVESTIGATION  OF 
THE    IRREGULARITY   OF   ROTATION    OF   THE   CRANKSHAFT   ON 

A  frame  SAW.    Les.  Zh.  11(4):  75-78. 

Thunell,   B.       1968.      CUTTING   FORCES  IN  FRAME  SAWS  WITH 

different  LENGTHS  OF  STROKE.  Medd.  Svenska  Traforskn- 
Inst.    (Trateknik)    160B,  3   pp. 

Diagrams  and  graphs  show  the  vertical  and  horizontal  forces 
in  saws  with  stroke  lengths  of  600  and  700  mm. 

Thunell,  B.  1968.  ON  THE  CHIP  THICKNESS  IN  A  FRAME 
SAW.    Paperi  ja  Puu  50(3):    103-108. 

In  frame  sawing,  chip  thicknesses  (bite  per  tooth)  should  be 
constant  for  optimum  cutting  conditions.  A  geometric  analysis 
shows  how  this  can  be  accomplished  by  selecting  tooth  pitches 
appropriate  for  various  log  sizes  and  feed  speeds. 

Turusev,  V.  G.      1968.      METHODS  OF  POSITIONING  SAWLOGS 
FOR  conveyor  feed.    Derev.  Prom.  17(11):   10-11. 
An    illustrated   technical   description    of   a   Soviet   tilting    feed 
mechanism   for   turning,    centering,    and   feeding   logs    into    a 
frame  saw. 

CIRCULAR  SAWING 

Anonymous.  1969-  VERTICAL  PANEL  CUTTING  SAW.  Tim- 
ber Trades  J.  269(4842):    58. 

An  inexpensive  new  British  machine  (illustrated)  is  available 
in  two  sizes  and  is  designed  primarily  to  cut  8-  by  4-foot  and 
12-  by  6-foot  sheets.    It  saves  floor  space  because  the  material 


can  be  positioned  vertically  irrespective  of  whether  a  vertical 
or  horizontal  cut  is  required.  Large  sheets  are  easily  handled 
by  one  man.  The  machine  is  manufactured  by  N.  McEwan 
and  Co.,  Engine  Bridge  Works,  Chapel  Hill,  Huddersfield, 
England. 

BettS,    H.       1969.      EXTRA-THIN    SAWS    INCREASE    LUMBER 

YIELD.  Wood  and  Wood  Prod.  74(8):  28-29- 
Discusses  the  Thrasher  Lumber  Company's  system  of  sawing 
lumber  with  thin  circular  saws.  The  saws  are  made  of  0.062- 
or  0.075-inch  steel  plates  and  cut  kerfs  of  0.090  to  0.115 
inch.  The  reduced  kerf  increases  yield  of  finished  lumber  by 
20  to  60  percent. 

Bunimovic.  1969.  (Properties  of  the  Cutting  Edge  and  Cut- 
ter; Fitting  and  Sharpening) 

Carruthers,  J.  F.  S.  1968.  REVENUE  FROM  RESIDUE.  Tim- 
ber  Trades   J.    267(4808):    57,    59-60. 

Describes  and  illustrates  the  prototype  chipping-saw  system 
developed  at  Princes  Risborough  for  processing  double-faced 
green  softwood  logs  into  S4S  cants.  Instead  of  sawdust,  the 
machine  produces  chips  suitable  for  particleboard,  and  does  so 
without  affecting  the  amount  of  sawn  timber  obtained  from 
the  log.  Results  were  best  when  two  pairs  of  saws  (800  mm. 
or  more  in  diameter)  cutting  in  the  direction  of  the  feed  were 
off-set  mounted  above  and  below  the  work.  Further  develop- 
ment may  make  this  system  suitable  for  resawing  air-dry  soft- 
woods and  hardwoods. 

Cumming  and  Gill.  1968.  (Properties  of  the  Cutting  Edge 
and  Cutter;  Temperature) 

Danielsen,  B.  S.  1969.  triple  CHIP  TOOTH  STYLE  saws. 
Timber  Trades  J.  269(4842):   55. 

Recent  advances  in  manufacturing  and  sharpening  have  reduced 
the  cost  of  carbide-tipped  triple-chip  saws.  These  saws  are  now 
more  widely  in  use.  The  tooth  style  has  good  wearability  and 
is  particularly  effective  on  laminated  materials.  For  example, 
the  cut  surfaces  of  double-faced  laminates  on  chipboard  were 
virtually  chip-free.  The  blades  have  also  been  successfully  used 
in  sawing  plastics,  aluminum  sheets,  and  other  nonferrous 
metals. 

Dem'janovskij,  Pinezskij,  and  Terent'eva.  1968.  (Properties 
of  the  Cutting  Edge  and  Cutter;   Fitting  and  Sharpening) 

Fukui,  H.,  and  Kimura,  S.  1968.  FACE  BEVEL  ANGLE  (  0f  ) 
AND  HOOK  (  3  )  OF  CARBIDE  TIPPED  SAWS  IN  SAWING  WOOD 
PARTICLE     BOARD    AND     FIBER     BOARD.      Wood     Ind.     23(3): 

21-24. 

Grube,  Sanev,  and  Paskov.  1967.  (Properties  of  the  Cutting 
Edge  and   Cutter;   Stability) 

Grube,  Sanev,  and  Paskov.  1968.  (Properties  of  the  Cutting 
Edge   and   Cutter;   Stability) 

Haidt.  1968.  (Properties  of  the  Cutting  Edge  and  Cutter; 
Tool  Material) 

Hallock,  H.  1968.  "taper-tension"  saw  ...  a  new 
REDUCED  KERF  saw.  USDA  Forest  Serv.  Res.  Note  FPL-0185, 
14  pp.  Forest  Prod.  Lab.,  Madison,  Wis. 

Presents  design  characteristics  and  performance  data  for  a  new 
circular  saw  that  reduces  kerf  by  about  3/32  inch  when  cutting 
pine  cants  into  4/4  boards.  The  saw  is  tapered  in  a  compound 
manner,  so  that  the  board  rubs  the  middle  area  of  the  plate 
(centered  about  60  percent  of  the  distance  from  eye  to  rim) 
rather  than  the  saw  center.    Thus  it  is  stressed  (tensioned)   by 


beat  generated  during  sawing.  Sawing  accuracy  approaches 
that  of  a  conventional  7-  to  8-gage  saw  and  was  considerably 
better   than    a   conventional   narrow-kerf    10-    to    11 -gage   saw 

Hallock,  H.  1969-  SAWING  TO  REDUCE  WARP  OF  LODGE- 
POLE  PINE  STUDS.  USDA  Forest  Serv.  Res.  Pap.  FPL-102 
32   pp.    Forest  Prod.   Lab.,  Madison,  Wis. 

To  investigate  the  relation  of  five  variables  to  warp,  some  68C  ' 
lodgepole  pine  logs   with   diameters   of   6  to    12   inches   weri<f 
sawed   into    2-    by    4-inch    studs.     The   variables    were    sawinfV 
method,  position  of  the  log  in  the  tree,  position  of  the  stun  i'! 
in  the  log,  rotational  position  of  the  log's  cross-sectional  eccen-  f 
tricity,  and  the  presence  of  visible  compression  wood.    Of  thi  -: 
three    sawing    techniques    employed,    the    FPLimproved    scrai.it' 
method  proved  slightly  superior  to  the  standard  scrag  method  w 
and    both    were    substantially    better    than    the    conventional    , 
method  in  yield  of  quality  studs.    Studs  from  butt  logs  sbowei 
more   bow  and  crook,    but  less   twist  than   those   from    uppe  \ 
logs.    When  all  forms  of  warp  are  considered,  there  was  litth  .... 
difference  between  yields  from  butt  and  upper  logs.    Bow  ant 
crook  were  more  severe  in  studs  from  the  area  near  the  cente  ' 
of  the  log  than  in  those  from  the  area  near  the  bark.    Twis 
appeared   unrelated   to   position    of   the   stud  in   the  log.    Lo, 
diameter  affected   the   grade  yield   only   when   twist   was  con 
sidered.   There  appeared  to  be  a  relationship  between  the  place 
ment  of  the  sawing  pattern  and  the  cross-sectional  eccentricity 
Placement    of  the   eccentricity    vertically   generally   resulted  i  i  n 
less  warp  and  produced  more  upper  grade  studs.    The  present 
of  visibly  evident  compression  wood  on  one  or  both  ends  0 
the  log  showed  only  a  very  minor  relationship  to   warp  an 
raised  the  question   of  the  validity   of  identifying  compressio 
wood  solely  by  visual  methods. 

Kemov,  A.   S.    1968.  CIRCULAR  SAW  WITH   SPECIAL   ENLARGE 

GULLETS.  Timber  Trades  J.  266(4791)  :  59,  61.  (Transl.  froi 
Derev.  Prom.   17(5)  :   27-28) 

Describes    test    of    circular   saws    having    four    equally    spacei 
enlarged  gullets.    The  saws  were  2.2  to  3.0  mm.  in  thickne 
and  400  to   700  mm.   in  diameter,  and  had  23,  32,  and  4  j 
teeth.    The  depth  of  the  gullets  was  15  percent  of  the  blot 
diameter  for  saws  400  to   500   mm.  in  diameter  and  2.2  i  1 
2.6  mm.  thick,  and  20  percent  of  the  blade  diameter  for  sat  L 
over  600  mm.  in  diameter  and  2.8  to  3-0  mm.  thick.    Adva 
tages  claimed  over  conventional  saws  include  greater  stabili 
and  machine  output,  reduced  noise,  and  lower  power  requii  ■ 
ments. 

Kostrikov,  P.  V.,  and  Grube,  A.  E.      1968.     Riving  knives    L 
circular  saws.    Derev.  Prom.  17(2):  8-10. 

MeriluotO,    J.       1968.       PRECISION     IN    CROSS-CUTTING    BIRO 
BOLTS.    Paperi   ja  Puu   50(4a):    187-190. 
When  birch  veneer  bolts  were  crosscut  with  a  pendulum  sa 
the   length   and   thickness   of   the   bolt   did   not   affect  saw 
accuracy  if  the  bolts  were  clear  and  straight.   However,  acctm 
was  reduced  in  crooked  and  knotty  bolts. 

Nakamura,    G.      1969.     SOME     EXPERIMENTS    ON    CUTTn 
TORQUE    AND    FEED    FORCE    IN    CIRCULAR    SAWING.     J.   }i ' 

Wood    Res.    Soc.     15(1):     1-5. 

The  author  gives  equations  relating  cutting  torque  to  rotatioi 
speed,   feed  force  to   rotational   speed,   and   cutting   torque  I 
feed  force.    He  also  discusses  the  effects  of  workpiece  thick* 
and  blade  projection  on  cutting  torque  and  feed  force. 

Okushima,    Sugihara,    and    Umemoto.      1969-      (Properties 
the  Cutting  Edge  and  Cutter;  Temperature) 
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imaguchi.     1967.      (Properties    of    the    Cutting    Edge    and 
ltter;  Tool  Material) 


lonymous. 


CHAIN  SAWING 

[n.d.]      (History  and  General  Texts) 
1967.      (History   and   General   Texts) 


lonymous. 

lonymous.  1969.  POWER  SAWS  WITH  HEATED  HANDLES. 
alz-Zentralbl.    95(128):    1947. 

iefly  describes  and  illustrates  the  Swedish  R18  chain  saw. 
ir  cutting  in  cold  weather  its  handles  can  be  warmed  to  any 
sired  temperature  by  passing  exhaust  gases  through  them. 
■>e  warming  is  claimed  to  alleviate  an  occupational  disease 
med  "white  fingers"  that  is  associated  with  vibration  com- 
ted  with  cold  temperatures. 

rson.    1968.    (Safety,  Including  Noise) 

Arthur.     1969.     (History   and   General    Texts) 

iberthy.     1968.      (History  and  General  Texts) 

ensson,     B.       1969-      VIBRATIONS     OCCURRING     IN     CHAIN- 

WS.    Timber  Trades  J.  269(4831):   59- 

erator  comfort  was  improved  and  the  risk  of  injury  from 

S  ration   reduced   by    insulating   the   front   and   rear    handles 
m  the  saw  engine  with  three  rubber  elements. 

MACHINING  WITH   HIGH-ENERGY  JETS 

No   articles   found. 

MACHINING  WITH   LIGHT 

Waver,  L.  A.  C,  and  Osial,  T.  A.  1969-  CHANGING  MATE- 
MLS  WITH  LASERS.  Ind.  Res.  11(8):  46-48. 
RiW«/  improvements  in  their  energy  output,  average  power, 
»i  reliability  have  increased  the  potential  of  lasers  in  manu- 
fatyring.  Pulsed  lasers,  used  for  hole  punching,  drilling,  and 
m  welding,  have  peak  power  levels  in  excess  of  1012  w. 
m  pulse  lengths  approaching  1  psec,  although  power  levels 
htveen  100  kw.  and  I  gw.  and  pulse  lengths  between  1  csec. 
m  10  usee,  are  sufficient  for  most  machining  operations. 
Wb-power  continuous  lasers,  such  as  the  CO2  gas  laser,  pro- 
iu\  power  in  excess  of  1,000  watts  at  greater  than  10-percent 
zfyiency  and  may  be  used  for  cutting  metals  or  nonmetals 
rfl   as  wood,  ceramics,  etc. 
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SHEARING 

ArnymouS.       1969.      EFFECT  OF  FELLING  WITH  TREE  SHEARS 

Oh  lumber  LOSSES.  Can.  Dep.  Fish,  and  Forest.  Res.  News 
125):  8. 

A  -eliminary  report  on  the  extent  of  damage  to  butt  sections 
of  tees  cut  with  hydraulic  shears.  Approximately  115  lodge- 
poi\pine  and  white  spruce  stems  having  diameters  from  6  to 
Miches  d.b.h.  were  sheared  at  45°  F.  and  — 25°  F.  Trim  loss 
wa.greater  when  stems  were  cut  at  — 25°  F.  than  when  cut 
at  )°  F.  Loss  per  tree  increased  with  tree  diameter  in  both 
sanies;  the  greatest  volume  loss  occurred  with  spruce  cut  at 
— 2°  P.j  while  losses  were  least  with  spruce  cut  at  45°   F. 

Doi;las,  L.  1968.  THE  CAN  CAR  PROCESSOR.  Northern  Log- 
ger J7  (3):    18. 

Tbmachine  skids  whole  trees,  delimbs  them,  and  shears  8-foot 
boh  into  a  collecting  basket. 

Ericton,  J.  R.  1967.  CROSSCUT  SHEARING  OF  WOOD.  In 
lUIlO  Congr.  Proc.  1967,  Vol.  8,  pp.  324-337.    Munich. 


The  force  (in  pounds  per  inch  width  of  cut)  required  to  shear 
white  spruce,  aspen,  eastern  hemlock,  yellow  birch,  and  sugar 
maple  was  studied  in  relation  to  knife  thickness,  knife  bevel 
angle,  cutting  speed,  and  dulling.  Regression  analysis  yielded 
equations  (containing  single  and  multiple  terms),  that  can  be 
used  to  estimate  the  shearing  force  for  each  species  tested. 
Knife  thickness  was  the  major  factor:  shearing  force  increased 
linearly  with  increasing  knife  thickness.  Changing  the  thick- 
ness from  1/4  to  Y2  inch  increased  force  from  35  to  64  per- 
cent, depending  on  species.  Bevel  of  the  cutting  edge  (wedge 
angle)  had  no  significant  effect  in  hardwoods  (aspen,  birch, 
and  maple),  but  in  spruce  and  hemlock  the  force  decreased 
with  increasing  bevel.  Natural  variations  in  moisture  content 
or  specific  gravity  affected  the  forces  much  less  than  knife 
thickness  did.  In  hemlock,  each  10-percent  increase  in  moisture 
content  above  30  percent  caused  a  decrease  of  18  pounds  per 
inch  width  of  cut.  This  effect  was  not  observed  in  the  other 
four  species.  Shearing  force  varied  with  specific  gravity  only 
in  aspen  and  hemlock;  the  increase  was  approximately  40 
pounds  per  inch  width  of  cut  for  each  0.01  increase  in  specific 
gravity.  Knife  dulling  had  a  pronounced  effect;  a  1/16-inch 
flat  increased  the  force  approximately  250  percent  in  spruce, 
210  percent  in  aspen,  and  130  percent  in  birch. 

Erickson,  J.  R.  1968.  CROSS-CUT  SHEARING  HARDWARE  AND 
RESEARCH.  South.  Lumberman  217(2704):  111-114. 
Discusses  three  types  of  shears  for  crosscutting  timber — a 
single  blade  acting  against  an  anvil,  double  blades  acting 
against  each  other  with  a  slight  mismatch,  and  a  delimbing 
type  which  does  not  act  against  an  anvil  but  depends  on  the 
strength  of  the  limb  juncture  to  hold  the  limb  in  place  while 
the  cut  is  made.  Splits,  pullouts,  and  offsets  are  the  most 
serious  drawbacks  in  using  shears.  Blade  thickness,  wedge 
angle,  match  betiveen  the  blade  and  anvil,  single  as  compared 
to  double  blades,  species,  and  wood  temperature  all  affect  the 
degree  of  damage  to  the  log.  Shearing  force  increases  with 
knife  thickness.  For  flat  knives  with  a  single  bevel,  shearing 
force  decreases  as  the  bevel  angle  increases  from  20  to  45°; 
after  45°,  the  force  increases.  Force  increases  with  increasing 
wood  specific  gravity.  Frozen  wood  requires  a  greater  shearing 
force  than  unfrozen  wood. 

Johnston,  J.  S.       1967.      INVESTIGATIONS  OF  SOME  VARIABLES 

IN  THE  CROSS  CUTTING  OF   SMALL   LOGS  BY  SHEAR   BLADES. 

In  IUFRO  Congr.  Proc.  1967,  Vol.  8,  Sect.  31-32,  pp.  338-363. 

Munich. 

From  experience  in  cutting  3-  to  6-inch  spruce  logs  as  well 

as  accurately  machined  square  specimens,  the  author  concludes 

that: 

1.  Cutting  angle  (wedge  angle)  of  the  shear  blade  has 
small  effect  on  cutting  force  within  the  range  of 
25  to  45°. 

2.  Axial  loading  on  the  stem  of  a  straight  tree  has  little 
effect  on  cutting  force,  but  a  leaning  tree  may  require 
considerably  higher  cutting  force  on  the  side  under 
compressive   stress. 

3.  A  wide  support,  or  anvil,  increases  force  to  cut  with  a 
single  knife. 

4.  Cutting  force  increases  with  increasing  specific  gravity. 

5.  The  amount  of  knife  penetration  at  the  point  where 
maximum  force  is  observed  varies  with  the  thickness 
and  shape  of  the  knife,  and  with  the  width  of  anvil. 

6.  Doubling  knife  thickness  increases  cutting  force  by  about 
50  percent. 
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7.  Wood  fails  ahead  of  the  knife  edge  in  the  manner  of 
numerous  small  beams  whose  length  is  roughly  double 
the  knife  thickness. 

8.  Total  cutting  force  is  composed  essentially  of  a  wedging 
component  and  a  friction  component. 

9.  The  coefficient  of  friction  for  cutting  green  spruce 
under  test  conditions  was  0.23. 

Johnston,    J.    S.       1968.      AN    EXPERIMENT    IN    SHEAR-BLADE 

CUTTING  OF  SMALL  LOGS.  Pulp  and  Pap.  Mag.  Can.  69  ( 3 ) : 
77-82. 

Reports  on  studies  designed  to  reduce  cutting  forces,  energy 
requirements,  and  wood  damage  when  shearing  short  spruce 
(Picea  glauca)  logs.  Logs  having  diameters  as  great  as  6  inches 
were  cut  at  about  33  inches  per  second.  Three  knife  thicknesses 
(0.25,  0.39^  0.75  inch),  three  knife  wedge  angles  (45°,  35°, 
and  25°),  and  two  anvil  widths  (1  inch  and  6  inches)  were 
evaluated.  In  tests  with  two  opposing  knives,  anvil  width  was 
considered  to  be  zero.  Axial  loads  were  applied  to  the  logs  to 
simulate  the  weight  of  a  standing  stem.  Knife  wedge  angle 
had  little  efiect  on  cutting  force  in  the  range  of  25°  to  45°. 
Cutting  force  was  least  when  two  knives  were  used.  Axial 
pressure  had  only  a  minor  effect.  White  spruce,  red  pine, 
balsam  fir,  and  jack  pine  were  used  in  the  study  of  knife 
thickness.  Anvil  width  was  1  inch,  and  log  diameters  were 
about  4  to  5  inches.  Cutting  force  increased  with  wood  specific 
gravity.  Increasing  the  thickness  of  the  knife  from  0.158  to 
0.350  inch  increased  the  cutting  force  by  50  percent.  The 
amount  of  knife  penetration  at  the  point  where  maximum 
force  was  observed  varied  with  the  thickness  and  shape  of 
the  knife,  and  with  width  of  the  anvil.  The  coefficient  of 
friction  between  the  blade  and  green  spruce  was  0.23-  Thus, 
it  seemed  unlikely  that  cutting  force  could  be  reduced  signifi- 
cantly by  lowering  the  friction  coefficient. 

Johnston,  J.  S.  1968.  CROSSCUTTING  TREES  AND  LOGS  BY 
SHEAR  BLADES.  Can.  Forest  Ind.  88(6):  34-37.  Also  in 
South.  Lumberman  217(2698):  39-41,  44,  46. 
Reviews  previous  research  on  the  effects  of  blade  geometry  and 
wood  characteristics  on  cutting  force,  cutting  energy,  and  wood 
damage.  Summarizes  investigations  in  Canada,  Sweden,  and  the 
U.S.,  mostly  in  coniferous  species. 

Johnston,  J.  S.  1968.  EXPERIMENTAL  CROSSCUT  SHEARING 
OF  FROZEN  WOOD.  Proc,  Forest  Eng.  Conf.  ASAE  Pub. 
PROC-368,  pp.  47-49,  55. 

This  study  investigated  the  effect  of  moisture  content,  specific 
gravity,   and  other  wood  characteristics   on   cutting   force   and 


on  damage  to  wood  sheared  at  temperatures  betiveen  30  am 
— 60°    F.     When    1-inch    cross-sectional    specimens    of   whiti 
spruce   were   sheared   with   a   0.10-inch-thick    blade    having  , 
wedge  angle  of  45° ,  shearing  force  for  both  heartwood  am 
sapwood  increased  with  decreasing  temperature.    Tor  all  tern 
perature,  sapwood  required  greater  force  than  heartwood,  am 
the  slope  of  the  regression  line  relating  temperature  to  forct 
was  greater  for  sapwood  than  for  heartwood.    In  sapwood,  hu  \ 
not  in  heartwood,  forces  were  significantly   higher  for  radia . 
than  for  tangential   cuts.    Again   in   sapivood,   damage    (spit  I 
length)    increased  as  temperature  decreased,   and  was   greate 
for  cuts  in  the  radial  than  in  the  tangential  direction.    Tem< 
perature  and  cutting  direction  did  not  affect  the   length  o  r 
splits  in  heartwood.    Multiple  regression  analysis  revealed  the 
specific  gravity   had  little   effect   on  force,   whereas   moisttif'. 
content  had  a  strong  effect  below  freezing.   Shearing  force  in 
creased  with  decreasing  temperature;  both  the  level  and  th 
slope  of  the  relationship  increased  with   increasing   moistm  . 
content.    Small  logs  of  white  spruce  and  balsam  fir  were  als 
sheared    with    a    0.3 50 -inch -thick    blade    with    a    45°    wedg 
angle.    The  force  required  to  shear  the  log  was  interpreted  i  . 
terms  of  the  ratio  of  maximum  cutting  force  to  log  diamete 
Balsam  fir  logs  required  higher  forces  and  were  damaged  moi 
than  spruce  logs,  seemingly  because  the  fir  logs  had  a  high 
moisture  content.    Shear  force  increased  curvilinearly  for  ha 
sam   fir,   reaching  a   maximum   at   about  — 30°    P.,   then  d 
creased.   For  spruce  the  relationship  was  linear.   Maximum  spl 
length  was  a  positive  linear  function  of  decreasing  temperate;  • 
for  balsam  fir.   For  spruce,  split  length  decreased  slightly  wi\  ■ 
decreasing  temperature  to  about  0°   P.,  then  increased. 

Johnston,  J.  S.  1968.  EXPERIMENTS  IN  CROSSCUTTINI 
wood  with  shear  blades.  Forest  Prod.  J.  18(3) :  85-89- 
Reports  results  of  shearcutting  1 -square-inch  cross  sections  I 
white  spruce  (Picea  glauca).  Doubling  the  thickness  of  t, : 
blade  from  0.05  to  0.10  inch  increased  the  cutting  force  • ) 
ibout  50  percent.  Force  was  only  slightly  greater  when  t  t 
blade  wedge  angle  was  small  (22.5°)  than  when  it  was  lar  t 
(60°).  Shearing  forces  were  greater  in  the  tangential  th  < 
in  the  radial  direction.  In  general,  sapwood  required  a  greek  . 
force  than  heartwood,  and  dull  blades  required  greater  fos  i 
than  sharp  blades.  Force  was  unaffected  by  moisture  conte; ' 
above  fiber  saturation.  When  trees  and  logs  are  cut  for  ? 
will  probably  be  greater  than  for  the  1-inch  sections,  becai  ■ 
thicker  blades  are  required  and  the  surface  area  in  cont  I 
with  the  wood  is  increased.  The  effect  of  blade  thickness  e  ■ 
wedge  angle,  however,  probably  will  not  be  greatly  differe  I 


JOINTING,  PLANING,  MOLDING,  AND  SHAPING 


Bakiev,  R.  S.  1967.  vibration  cutting  of  wood.  Les. 
Zh.   10(3):    108-110. 

Examines  the  vibration  cutting  of  wood  purely  from  mechani- 
cal aspects,  and  concludes  that  cutting  forces  are  reduced  be- 
cause of  short-term  periodic  inertial  forces  that  develop  in 
the  vibrating  knife.  Calculated  talues  of  cutting  force  as  a 
function  of  vibration  amplitude  agreed  very  well  with  meas- 
ured values. 

Carruthers,  J.  F.  S.  1968.  DIE-FORMED  END  JOINTING. 
Woodworking  Ind.  25(5):   19-20. 

Lumber  can  be  end-jointed  by  a  process  in  which  small  fingers 
(3/16-inch  long)   are  formed  by  forcing  pieces  of  unheated 


wood  against  a   metal  die.    Forming   pressure  is  about  5,1 
pounds   per  square   inch.    Adhesive   is   then   applied  and    ' 
fingers  are  meshed  under  a  thrust  of  about  2,500  pounds    \ 
square  inch.   The  adhesive  sets  in  8  hours  at  room  temperat  i 
or  may  be  cured  in  20  seconds  by  high-frequency  heating.  '  ■ 
joint  is  about  one-half  as  strong  as  clear  wood  in  tension  •  '> 
in  bending.    Although  it  is  not  quite  as  strong  as  a  com  i 
tional  finger  joint,  it  appears  adequate  for  joinery  work  w\. ' 
strength   is  not  a   major  consideration.    High   wood  motsi 
content  at  forming  reduces  strength  of  the  joint,  althoug 
maximum    level    of   20    percent    is    considered   acceptable 
softwoods.    Die-forming  is  feasible  with  most  softwoods  w\, ' 
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tensities  are  below  35  pounds  per  cubic  foot.  Above  this  level, 
t  is  necessary  to  pre-slit  the  wood. 

look,  A.  J.  1968.  HIGH-SPEED  FINGER  JOINTING.  Timber 
[rades  J.  Annu.  Spec.  Issue:  S/8-S/9- 

describes  the  operation  of  the  German  Dimter  DFB/DKV 
ligh-speed  finger-jointing  system.  Boards  10  inches  to  23 
eet  long  are  sent  by  a  continuous  conveyor  to  shaping  spindles 
vhich  can  produce  up  to  66  joints  per  minute  (300  lineal 
.p.m.  out  feed).  After  joints  have  been  machined,  boards  are 
nited  into  a  ribbon  in  a  continuous  press  having  a  high- 
requency  glue  curing  system.  They  are  then  cut  to  the  required 
?ngth  and  may  be  transferred  to  molding  lines  or  other  ma- 
binery  as  required. 

ickler,  H.  H.,  and  Helgesson,  G.     1968.     FINGER- JOINTING 

If  WOOD.  III.  MACHINE  PROCESSING  AND  ECONOMIC  ASPECTS 
|F   A    NEW    FINGER- JOINTING    METHOD.     Holz    als    Roh-    Und 

Werkstoff  26:    157-161. 

^escribes  the  development  of  a  special  machine  for  making 
new  type  of  finger  joint.  Satisfactory  joints  were  obtained  in 
ie  laboratory  and  under  industrial  conditions.  The  cost  of 
roducing  the  new  joint  was  half  that  of  a  conventional  finger 
'int. 

reenwood.    1968.    (Safety,  Including  Noise) 

obbs,   L.    H.       [n.d.]       LUMBER     MANUFACTURING     DEFECTS 

I  THE  PLANING  MILL.  N.C.  State  Univ.  Wood  Prod.  Ext. 
:rv.,   30   pp. 

be  occurrence  of  chip  marks  and  of  raised,  fuzzy,  and  chipped 
am  are  discussed  in  relation  to  such  variables  as  knife  cuts 
if  inch,  feed  rate,  cutterhead  speed,  depth  of  cut,  cutting 
fgle,  moisture  content,  and  specific  gravity.  The  value  of  the 
\mmary  is  somewhat  reduced  by  omission  of  numerous  perti- 
\nt  references. 

jansson,  B.  O.,  and  Strom,  H.     1968.     FINGER- JOINTING  OF 

JOOD.    II.   BASIC  INVESTIGATIONS  ON  A  NEW   PROCEDURE  OF 

]NGER- JOINTING.  Holz  als  Roh-  und  Werkstoff  26:  77-84. 
,1  new  method  produces  finger  joints  of  high  initial  strength, 
pe  fingers  are  7.5  mm.  long  and  the  tips  are  0.2  mm.  wide, 
igh  longitudinal  pressure  on  the  joints  permits  transportation 
p  processing  before  the  adhesive  has  set  completely.  In  ulti- 
Mte  strength,  the  joint  is  comparable  to  conventional  joints, 


and  a  variety  of  adhesives  appear  suitable.  The  process  has 
shoivn  promise  in  limited  industrial  runs. 

Kitayama  and  Sugihara.    1969.     (Safety,  Including  Noise) 

Lutz,  Heebink,  Panzer,  and  others.  1969.  (Chipping,  Flak- 
ing, and  Grinding;   Flaking) 

Maldonado  and  Boone.  1968.  (Machinability  of  Lumber  and 
Particleboard) 

Marian,  J.  E.  1968.  WOOD  FINGER- JOINTING.  I.  A  NEW 
PROCEDURE  FOR  WOOD  FINGER-JOINTING  AND  ITS  PRINCI- 
PLES. Holz  als  Roh-  und  Werkstoff  26:  41-45. 
An  analysis  of  conditions  for  an  ideal  end  joint.  A  joint  having 
very  short  (7.5  mm.)  fingers  is  described,  as  well  as  the  cutter 
required  for  its  production. 

Silina,  G.  E.  1968.  AUTOMATIC  REGULATION  OF  FEED 
SPEED    IN    FOUR-SIDE    MOULDING    MACHINES.      Derev.    Prom. 

17(4):    10-11. 

Discusses   the   need  for,   and  gives   an   electrical   diagram    of, 

an  automatic  feed-speed  regulating  system. 

Skljaeva,  Z.  A.  1968.  PERFECTING  MACHINE  DESIGN  SO  AS 
TO  IMPROVE  THE  WORKING  CONDITIONS  OF  THE  OPERATOR. 
Derev.  Prom.  17(9):   12. 

Suggests  improvements  in  a  spindle-molder,  the  object  being 
to  provide  a  stable  position  for  the  workpiece  and  optimize 
the  height  of  the  working  surface. 

Syrodaev,  G.  A.,  and  Mel'nikov,  A.  V.  1968.  INVESTIGA- 
TION  OF    THE    PROCESS    OF    ROTARY    CUTTING   OF   DENSIFIED 

(COMPRESSED)  WOOD.  Nauch.  Tr.  Lesoteh.  Akad.  113, 
PP.   30-36. 

Describes  a  series  of  experiments  made  on  a  modified  thick- 
nesser  with  natural  and  compressed  pieces  of  birch  and  aspen. 
The  compressed  wood  could  be  worked  under  conditions  sim- 
ilar to  those  for  hard  species  such  as  oak.  Optimum  knife 
angles  were:  rake  angle  20° ,  sharpness  angle  60" ,  and  clear- 
ance angle  10° ,  for  feed  speeds  of  8,  12,  and  18  m.  per  min- 
ute and  cutting  depths  of  1,  2,  and  3  mm. 

Vinogradov,  V.  A.  1966.  IMBALANCE  OF  THE  CUTTING 
TOOL  OF  A  SPINDLE-MOULDER,  AND  THE  MICROGEOMETRY 
OF  THE   MOULDED  SURFACE.    Les.   Zh.   9(1):   94-99. 


tz,  R.  C,  and  Jenson,  J.  A.  1968.  PRODUCING  CHECK- 
iee  BEECH  FOR  TURNINGS.  Forest  Prod.  J.  18(11)  :  42-44. 
i  ugh-sawed  and  presurfaced  2V2-inch  squares  and  green 
unds  21/2  inches  in  diameter  were  kiln-dried  to  8-percent 
isture  content  on  a  schedule  that  caused  surface  checking 
the  rough-sawed  squares.  The  pieces  were  3  feet  long. 
I 'surfacing  reduced  checking  from  an  average  of  31.2  inches 


to  16.4  inches  per  square.  Kiln-drying  the  rounds  reduced 
surface  checking  to  an  average  of  11.4  inches  per  specimen. 
The  yield  of  acceptable  turnings  from  the  kiln-dried  wood  was 
68.7  percent  for  the  rough-sawed  squares,  82.1  percent  for 
the  presurfaced  squares,  and  72.1  percent  for  the  rounds. 
In  the  rounds,  kiln-drying  significantly  reduced  the  amount 
of  bow. 


BORING,  ROUTING,  AND  CARVING 


Cudnoff,  M.,  and  Goytia,  E.  1967.  SPINDLE  CARVING  OF 
15PICAL  hardwoods.  Turrialba  17(4):  430-435. 
1?  spindle  carving  characteristics  of  11  tropical  hardwoods 
we  empirically  evaluated  on  specimens  cut  from  stems  meas- 
"ig  15  to  22  inches  in  diameter  at  breast  height.  Samples 
h  carving   in   the  green   condition   were   cut   from   the   butt 


logs,  while  samples  for  carving  dry  were  prepared  by  lami- 
nating defect-free,  lV4-inch  air-dry  boards  (cut  from  the  upper 
portions  of  logs)  into  blocks  measuring  4V2  by  5V2  inches. 
The  belt-driven,  two-spindle  carver  operated  at  11,000  r.p.m. 
A  3A-inch  roughing  cutter  was  used.  After  machining,  the 
surfaces   were    evaluated   for   extent    of   fuzzy    grain,    chipped 
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grain,  and  splitouts.  Generally,  carvings  machined  from  green 
wood  had  better  surfaces  than  carvings  from  dry  wood.  Fuzzy 
grain  was  the  principal  defect  in  green  carvings,  while  split- 
outs were  most  serious  in  dry  carvings.  Five  species  (guaraguao, 
roble  bianco,  laurel  sabino,  grandillo,  and  moca)  produced  a 
high  percentage  of  acceptable  carvings  whether  machined  in 
the  green  or  dry  condition.  No  direct  relationship  was  detected 
between  the  severity  of  interlocked  grain  and  the  quality  of 
carved  surfaces.  For  minimum  drying  degrade,  ease  of  machin- 
ing, and  optimum  response  to  treatment  with  polyethylene 
glycol-1,000,  species  having  specific  gravities  less  than  0.70 
are  recommended.  Tests  by  other  machining  methods  (for  ex- 
ample, planing)  do  not  necessarily  indicate  the  spindle-carving 
characteristics    of   tropical    hardwoods. 

Kotesovec,  V.     1968.     woodworking  by  means  of  heat. 

Holztechnologie    9(4):    232-240. 

Cylindrical  holes  were  made  with  tools  that  operate  by  frac- 


tional heat.    Tool  shapes  are  described  and  the  influence  o  i 
tool  shape,   velocity,   infeed  power,   hole  atmosphere,   species 
temperature,  and  feed  rate  on  torque  is  discussed.    Power  con 
sumption  was  higher  than  in   conventional  boring. 

Priest,  D.  T.     1968.     drilling  techniques  for  standarj 
HARDBOARD.  Woodworking  Ind.  25(10):  33-34. 
When  drilling  hardboard,  rotational  speeds  of  3,000  to  4,00' 
r.p.m.  are  essential  if  holes  are  to  have  true  edges  and  raisei 
fiber  is  to  be  avoided.    However,  if  drill  diameters  are  larg 
or  feed  rates  are  slow,  lower  speeds  may  be  necessary  to  preven  ■ 
rapid    blunting.     The    quality    of    the    hole    improves    as   tb 
drill  point  angle  is  increased  above  the  conventional  angle  o  i 
118°  to  a  value  of  170°.  Higher  angles  do  not  generally  shot 
any   significant   improvement.     The   amount   of   raising   varii , 
considerably   with   the   make   of   hardboard,    but   boards   frot.  . 
long  fibers  tend  to  be  more  difficult  to  machine  than  short  A 
fiber  boards. 


MORTISING  AND  TENONING 


Hylcr,    J.    E.       1968.      OVERLOOKED    TRICKS    ON    DOUBLE-END 

TENONERS.    Woodworking  Dig.   70(8):    26-28. 


Discusses  the  use  of  saw  blades  on  double-end  tenoners  an 
on   other   double-end   units. 


MACHINING  WITH  COATED  ABRASIVES 


Anonymous.       1968.      TAKING   A   SECOND    LOOK   AT   ABRASIVE 

PLANING.    Ind.   Woodworking   20(9):    24. 
Abrasive  planers,  designed  to  remove  3/64  to  1/8  inch  and 
running  continuously  at  50  to  60  f.p.m.,  are  capable  of  dimen- 
sioning workpieces  close  to  tolerance  without  chipped  grain, 
tearouts,   or  edgeband   breakoffs. 

Buell,  H.  W.,  and  Stevens,  S.  F.     1968.     ROUGH  AND  FINISH 

SANDING    OF    WOOD-PLASTIC    COMBINATIONS    WITH     COATED 

ABRASIVES.  Forest  Prod.  J.  18(11):  23-26. 
Dry  sanding  was  completely  unsuccessful  on  red  pine  impreg- 
nated with  methyl  methacrylate  and  styrene  acrylonitrile  mon- 
omers and  polymerized  by  gamma  radiation  and  benzoyl  perox- 
ide. Satisfactory  results  were  obtained  with  wet  sanding,  and 
two  schedules  are  given  for  sanding  wood-plastic  combinations 
to  a  uniform,  glossy  finish. 

Connolly,  H.  H.  1969.  ABRASIVES  AND  CUTTING  EFFI- 
CIENCY IN  SANDING.  Ind.  Woodworking  21(7)  :  32-33. 
Briefly  discusses  the  functions  of  sanding  in  furniture  finish- 
ing. The  types  of  synthetic  adhesives,  backings,  and  abrasive 
grains  {garnet,  silicon  carbide,  and  aluminum  oxide)  are 
considered  as  well  as  the  effect  of  lignin  flow  at  high  tem- 
peratures. 

Ferguson,  J.  S.  1968.  what  you  should  know  about 
TODAY'S  COATED  ABRASIVES.  I.  Ind.  Woodworking  20(6): 
22-23,    28. 

Briefly  describes  types  of  backings  (paper,  cloth,  fiber,  and 
combinations  of  cloth  and  paper),  adhesives  (glue,  resin,  and 
varnish),  and  abrasive  grains  (garnet,  aluminum  oxide,  and 
silicon  carbide)  used  in  the  manufacture  of  coated  abrasives. 
Lists  and  explains  product  recommendations  for  drum  Sand- 
ers, multiple-drum  endless  bed  Sanders  (including  abrasive 
planers)    and   automatic   turning   sanders. 

Ferguson,  J.  S.  1968.  what  you  should  know  about 
today's  COATED  ABRASIVES.  II.  Ind.  Woodworking  20(7): 
14-15,    27. 


Recommendations    are   given    on    various    abrasive   grains   an  \ 
products  best  suited  to  specific  types  of  sanding  equipment 

Jacjuk,  A.  I.,  and  Popovic,  V.  V.  1967.  MACHINE  FOR  SAN1  A 
ING  WOOD  WITH  abrasive  DISKS.  Derev.  Prom.  16(9)  :  8-  . 
Describes  the  design  of  a  disk  sander  used  successfully  in  se  ■' 
eral  furniture  factories  in  the  U.S.S.R.  Advantages  claimed  ov  ' 
belt  sanders  include  ability  to  sand  workpieces  after  sawin 
lower  costs,  and  improved  productivity.  The  disks  are  200  ; 
300  mm.  in  diameter,  100  mm.  wide,  and  rotate  at  1,590  r.p.t  . 

Manzos,  F.  M.,  and  Gindin,  M.  N.  1967.  SELECTION  (9 
THE  OPTIMUM  LENGTH  OF  BELT  CONTACT  WITH  THE  WOR  ■ 
piece  IN  belt  sanding.  Derev.  Prom.  16(9) :  7-8. 
Belt-contact  lengths  of  20  to  250  mm.  were  used  with  vario  . 
sanding  speeds,  contact  pressures,  and  grit  sizes.  All  belts  i 
all  pressures  exhibited  a  critical  length  of  contact;  exceedi;  i 
this  length  did  not  increase  sanding  output  at  any  speed.  T  t 
critical  length  of  contact  was  essentially  independent  of  sped  t 
and  only  slightly  dependent  on  contact  pressure  in  the  ran  i 
of  20  to  200  g.  per  square  centimeter. 

Pahlitzsch,  G.,  and   Meyer,  H.   R.     1968.     ON  THE  SERVI  J 

LIFE  OF  SANDING  BELTS  DURING  SANDING  OF  WOOD.    Holz    I 

Roh-  und  Werkstoff  26:   441-447. 

Potapov,  B.     1967.    technical    document:    wide-bai  i 
sanding  machines.    Rev.  Bois.  Appl.  22(11):   10-37. 
A  technical  description  of  the  construction  and  operation  ) 
various    wide-band    sanding    machines. 

Prokes,  S.      1968.      COMPARISON  OF  SOME  TYPES  OF  SAND!  ij 
belts.    Drevo  23(12):   406-408. 

Compares  the  properties  and  efficiency  of  recently  develop 
Czechoslovakian  belts  with  belts  imported  from  East  Germa  J 

Schmutzler,     W.       1967.      THE     APPLICATION     OF     WIDE-Bf  • 
CONTACT    SANDERS    FOR    VENEERED    BOARDS.     Holz    als    R'  " 

und  Werkstoff  25:   445-452. 
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VENEER  CUTTING 


nonymous.  1968.  VENEER  BLOCK  HEATING.  Borden  Inc., 
hem.  Div.  Interim  Rep.  17,  6  pp.  N.Y. 
ore  southern  plywood  mills  are  heating  veneer  bolts  before 
?eling.  Most  plants  have  conventional  batch-type  vats  heated 
V  steam  or  water  but  some  have  straight-line  systems  from 
<e  debarker  to  the  lathe.  The  advantages  and  disadvantages 
'  heating  are  enumerated  and  heating  rates  for  bolts  of  various 
'ameters  and  specific  gravities  are  tabulated.  Also  included  is 
table  of  vat  capacities  for  batch-type  systems. 

nonymous.      1969.      BACK   GRINDING   VENEER   KNIVES.     Can. 
ep.  Fish,  and  Forest.  Res.  News  12(3):   1-2. 

[ide,  J.  C,  and  Choong,  E.  T.     1969.     INFLUENCE  OF  CUT- 

|NG     VELOCITY     AND     LOG     DIAMETER     ON     THE     TENSILE 
[RENGTH    OF    VENEER    ACROSS    THE    GRAIN.      Forest    Prod.    J. 

»(7):  52-53. 

pwood  veneer  strips  were  cut  at  speeds  from  100  to  500 
.m.  from  24  southern  pine  bolts  having  diameters  of  10  and 
inches.  Specimens  measuring  1  inch  along  the  grain  and 
inches  perpendicular  to  the  grain  were  prepared  from  the 
neer  strips,  equilibrated  to  an  average  moisture  content  of 
2  percent,  and  measured  for  strength  in  tension  across 
1  grain.  Tensile  strength  was  negatively  correlated  with 
ting  velocity  and  positively  correlated  with  log  diameter, 
e  interaction  of  log  diameter  and  cutting  velocity  did  not 
pve    significant. 

CHson,  T.  C.       1968.      ESTIMATING  HOURLY  PRODUCTION  OF 

StED  wood.    Forest  Prod.  J.   18(11):   45-49. 

Oes  equations  showing  how  slicing  rate,  loading  delay,  flitch 
diensions,  and  product  thickness  influence  input  and  output 
oa  veneer  slicer.  The  equations  may  be  used  in  production 
pining  and  control,  in  feasibility  studies,  and  in  the  design 
/    plants. 

Cjk,  E.   A.   R.   B.       1968.      A   NOTE   ON   SETTING   THE   KNIFE 

A3LE  FOR  rotary  VENEER  PEELING.   Malayan  Forest.  31(3): 
U-193. 

Criming,    J.    D.,    Fischer,    C,    and    Dickinson,    F.    E.    1969. 
MARY     VENEER     CUTTING     CHARACTERISTICS     OF      YOUNG- 

GIWTH  redwood.    Forest  Prod.  J.   19(11):   26-30. 

Vieer    is    being    rotary-cut    from    old-growth    redwood,    but 

in  of   young-growth    redwood    (60   years    or   less)    has    been 

lilted.  Seven  variables  (three  levels  of  each)  were  investigated 

to  'etermine  their  influence  on  veneer  produced  from  young 

m  .    The  factors  were  growth  rate,  heating  method,   heating 

le,  'erature,  lead   (vertical  nosebar  opening),   gap   (horizontal 

no  bar  opening),  clearance  angle  of  knife,  and  nosebar  type. 

Ojall  variables,    only   gap   produced   a   significant   difference 

(0  5  level)   in  uniformity  of  thickness.    One  standard  devia- 

tidabout  the  mean  was  ±  0.006  inch  when  the  gap  was  73 

pe.'nt  of  the  veneer  thickness,  and  ±   0.004  inch  when  the 

S",was  83  and  <)3  percent  of  the  thickness.    Average  veneer 

mi  ness  was  0.141  inch.    Too  great  a  nosebar  pressure  caused 

iXLsive  compression   of  the   bolt,   especially  the  softer  parts 

wood   overlying   a   band   of  summerwood).    The    three 

vat  hies  found   to    influence   check    depth    ivere   temperature, 

M  diameter,   and  type   of   nosebar.     Check   depths   averaged 

inch  at  140"  F.  and  0.054  inch  at  160  and  180°.    They 

ed  0.051    inch   for  bolts   27   to  34   inches   in   diameter, 

lor  22-  to   26-inch    bolts,   and   0.056   inch   for    16-   to 

•1-lch   bolts.    For  the   roller  nosebar,   check   depth   averaged 


0.057  inch;  for  the  fixed  bar,  the  average  was  0.052  inch. 
There  was  no  significant  difference  between  heating  in  steam 
and  heating  in  water.  The  following  conditions  produced 
acceptable  veneer: 

Knife   sharpness   angle   20° 

Knife   height  above   lathe   center   0.040   inch 

Machine  speed  50  r.p.m. 

Gap  83  percent  or  93   percent  of  veneer  thickness 

Clearance  angle  — 1/2°  to  -\-  1/2° 

Lead   0.028   to   0.042   inch 

Temperature  at  time  of  peel  160°  to  180°  F. 
The  author  concludes  that  veneer  of  equal  quality  can  be  pro- 
duced from  redwood  of  either  young  or  old  growth. 

Egusa,  Y.  1967.  CUTTING  OF  ROTARY  VENEER.  I.  EFFECT 
OF  POSITION  OF  NOSE-BAR  TO  KNIFE  EDGE.  (No.  1).  In 
Forest  Exp.  Sta.  Bull.   203,  pp.    131-171.  Meguro,  Tokyo. 

Feihl,  A.  O.  1967.  Design  and  performance  of  roller  pressure 
bars  for  veneer  lathes.  In  IUFRO  Congr.  Proc.  1967,  Vol.  9, 
Sect.  41,  pp.  2-24.  Munich.  Also  as  Can.  Dep.  Forest  and 
Rural  Develop.  Dep.  Pub.  1225,  23  pp. 
Reviews  development  of  various  types  of  roller  bars,  describes 
the  bars  and  auxiliary  equipment,  discusses  maintenance,  adjust- 
ment, and  cost,  and  compares  performance  of  roller  and  fixed 
bars. 

Feihl,  A.  O.,  and  Carroll,  M.  N.  1969.  ROTARY  CUTTING 
VENEER    WITH    A    FLOATING   BAR.     Forest    Prod.    J.    19(10): 

28-32. 

A  study  was  made  of  veneer  cutting  with  nosebars  designed 
to  apply  a  constant  pressure  against  the  log  (floating).  On  a 
4-foot  laboratory  lathe,  very  good  veneer  was  obtained  at  pres- 
sures of  30  to  40  pounds  per  linear  inch  of  log  (p.l.i.)  for  a 
flat  nosebar,  and  50  to  60  p.l.i.  for  a  motor-driven  roller  bar. 
Wide  ranges  of  wood  variables,  veneer  thicknesses,  and  cutting 
conditions  in  both  softwoods  and  hardwoods  were  examined. 
There  were  no  indications  that  nosebar  pressure  was  strongly 
influenced  by  factors  such  as  species,  presence  of  knots,  or 
veneer  thickness.  The  floating  bar  was  stable  and  little  vibra- 
tion was  detected  when  peeling  1  / '10-inch  Douglas-fir  at  360 
f.p.m.  The  bar  was  especially  effective  on  highly  figured  wood. 
The  effects  of  pressure  were  studied  in  detail  when  red  pine 
was  cut  to  1/10  and  1/16  inch.  The  self -setting  horizontal  gap 
decreased  slowly  with  increasing  bar  pressure,  and  the  quality 
of  veneer  also  changed.  For  both  thicknesses  a  pressure  of 
about  60  ±  10  p.l.i.  gave  good  veneer.  This  study  indicates 
that  the  concept  of  providing  constant  pressure  with  a  floating 
nosebar  is  valid,  and  that  a  simple  air-operated  system  is 
adequate. 

Feihl,  A.  C,  and  Carroll,  M.  N.  1969.  THE  FLOATING  BAR 
...  A  NEW  APPROACH  TO  VENEER  CUTTING.    Forest  Prod  J. 

19(4):    52. 

The  nosebar  of  a  4-foot  lathe  was  modified  so  that  it  applied 
constant  pressure  against  the  log  (i.e.,  was  floating).  On  a 
lathe  with  no  wear  and  play,  the  floating  bar  produced  veneer 
equal  in  quality  to  that  cut  with  a  fixed  bar.  The  proper  cutting 
action  therefore  depends  on  the  degree  of  compression  and  not 
on  the  means  by  which  compression  is  obtained.  Under  mill 
conditions ,  however,  it  is  difficult  to  maintain  a  fixed  gap  and 
hence   it  is   expected  that  a  floating   bar  will  produce   better 
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veneer.  The  floating  bar  also  permits  rapid,  adjustment  of  pres- 
sure while  the  lathe  is  running. 

Feihl,  A.  O.,  and  Godin,  V.  1969.  THB  ROTARY  CUTTING  OF 
VENEER    FROM   NATURAL-GROWN   RED    PINE.     Can.   Dep.    Fish. 

and   Forest.   Dep.   Pub.    1254,    17    pp. 

Nine  16-foot  red  pine  logs,  averaging  about  14  inches  in  diam- 
eter at  the  butt  and  12  inches  at  the  top,  were  rotary-cut  on 
a  4-foot  lathe.  Logs  were  peeled  at  temperatures  ranging  from 
50  to  125°  F.  A  fixed  nosebar  and  a  Vs-inch  motor-driven 
roller  bar  were  tested.  Results  indicated  that  red  pine  can 
be  cut  without  prior  heat  treatment  when  the  knife  has  a 
microbevel.  Heating  the  logs  before  peeling  did  not  appre- 
ciably improve  quality.  When  peeled  with  a  fixed  bar,  logs 
sometimes  jammed  during  the  cut,  and  the  chucks  then  chewed 
the  log  ends.  The  motor-driven  roller  bar  greatly  minimized 
these  problems;  veneer  was  similar  in  quality  to  that  made 
with  a  fixed  bar.  The  yield  of  veneer  obtained  from  4-foot 
bolts  averaging  12.9  inches  in  diameter  and  peeled  to  an 
average  core  of  4-2  inches  represented  67  percent  of  the  bolt 
volume. 

Godin.  1968.  (Properties  of  the  Cutting  Edge  and  Cutter; 
Fitting  and  Sharpening) 

Hailey,  J.  R.  T.,  Hancock,  W.  V.,  and  Walser,  D.  C.     1968. 

A  PRELIMINARY  STUDY  OF  THE  EFFECTS  OF  HEATING  ON 
THE   PEEL   QUALITY  OF   WESTERN   BALSAM    FIR   VENEER.    Can. 

Dep.  Forest,  and  Rural  Develop.  Forest  Prod.  Lab.  Inform. 
Rep.  VP-X-34,  26  pp.  Vancouver,  B.  C. 

Sixteen  bolts  of  western  balsam  fir  were  heated  and  cut  on 
a  66-  by  36-inch  swing  Cargate  veneer  lathe;  eight  bolts  were 
peeled  green  at  70°  P.,  five  were  heated  in  water  at  160°  F. 
for  24  hours,  and  three  were  heated  for  42  hours.  The  small- 
est amount  of  substandard  veneer  (5.6  percent)  was  obtained 
with  the  24-hour,  160°  F.  treatment.  Cutting  at  70°  F.  pro- 
duced the  greatest  amount  of  substandard  veneer  (15.6  per- 
cent)   and  severely   damaged   the   knife. 

Hayashi,  D.,  Tochigi,  T.,  and  Eguchi,  K.  1969.  EFFECTS  OF 
MICROSHARPENING   OF   KNIVES   IN   VENEER   CUTTING.     J.   Jap. 

Wood  Res.  Soc.   15(4):    146-153. 

Hayashi,  D.,  and  Sugiyama,  S.  1968.  INVESTIGATIONS  ON 
THE  PRODUCTION  OF  VENEERS  OF  MOSOCHIKU  (PhyllostachyS 
pubescens  MAZEL).    Wood  Ind.  23(10):   22-27. 

Hayashi   and   Tochigi.      1967.      (Orthogonal    Cutting) 

Hayashi  and  Tochigi.      1968.      (Orthogonal  Cutting) 

Hoadley.      1968.      (Research  Instrumentation  and  Techniques) 

Il'inskij,  S.  A.,  and  Rudnik,  M.  S.  1969.  effect  of  geo- 
metrical INACCURACIES  IN  VENEER  PEELERS  ON  THE  ACCU- 
RACY OF  PEELING.    Derev.  Prom.   18(9):    13-14. 

Jain,  N.  C,  Gupta,  R.  C,  Dev,  I.,  and  Bagga,  J.  K.  1968. 
SLICING  CHARACTERISTICS  OF  INDIAN  TIMBERS.  Holzforschung 
und  Holzverwertung  20(3):   59-61. 

Jain,  N.  C,  Gupta,  R.  C,  Tandon,  R.  C,  and  Bagga,  J.  K. 

1968.      PEELING    CHARACTERISTICS    OF    INDIAN    TIMBERS.     IV. 

Tectona  grandis   (TEAK).    Holzforschung  und  Holzverwertung 

20(4):  76-79. 

Veneer    of    optimum    quality    was    obtained    when    logs    were 

soaked  for  16  hours  at  55°   C.  and  cut  with  a  knife  having 

an  angle  of  90.5  to  91.2°.    Cutting  speed  had  no  significant 

effect. 


Jain,  N.  C,  Gupta,  R.  C,  Tandon,  R.  C,  and  Dev,  I.     196  . 

PEELING  CHARACTERISTICS  OF  INDIAN  TIMBERS.    III.  Calopb)  - 

lum  tomentosum.  Holzforchung  und  Holzverwertung  20(2]: 
40-41. 

Kacalin,  N.  V.  1968.  THE  OPTIMUM  TEMPERATURE  FC  \ 
ASH    FLITCHES    BEFORE    SLICING    FOR   VENEER.     Derev.    PrOI  . 

17(6):    12-13. 

Flitches  ivere  heated  in  an  autoclave  until  they  attained  ut  , 
form  temperatures  in  the  range  between  30  and  90°  C.  Vene  i 
quality  was  satisfactory  when  the  flitch  temperature  was  45°  <  ; 
at  temperatures  greater  than  65°  the  surface  was  woolly;  <*i  d 
above  80°  surface  quality,  uniformity  of  thickness,  and  tens,  , 
strength  were  impaired. 

Koch,  P.,  and  Woodson,  G.  E.     1968.     LAMINATING  BUT. 

JOINTED,  LOG-RUN  SOUTHERN  PINE  VENEER  INTO  LO!  ( 
BEAMS  OF  UNIFORM  HIGH  STRENGTH.  Forest  Prod.  J.  18(10  > 
45-51. 

Twenty   laminated   beams   were   constructed    of    log-run,    bu  i 
jointed,  loblolly  pine  veneers  1/6  inch  thick,  and  100  incl  ;' 
long.    The   beams  were   18   inches   deep,   2   inches   wide,  a  I 
25  feet  long.    Veneers  were  arranged  in  the  beams  accordt 
to  their  modulus  of  elasticity  (MOE).   The  stiff  est  were  plat  ■ 
outermost,   and  the  most  limber  in  the   center.    The  venei  . 
which  were  cut  on  a  lathe,  ranged  in  MOE  from  510,000  '■ 
2,960,000  p.s.i.   and  averaged  1,690,000  p.s.i.    This  aver,\ 
was    110,000   p.s.i.    lower   than   the  accepted   species   avera 
The  beams  had  an  average  effective  MOE  of  2,110,000  p  J 
Average  modulus  of  rupture  was  9,020  p.s.i.  with  a  95-f  ■ 
cent  exclusion  limit  of  7,170  p.s.i.,  thus  justifying  an  allt . 
able   stress    in    bending    of   3,370   p.s.i.     A    single   beam   c 
structed  on  the  same  principle  but  made  from  veneers  selei  \ 
to    simulate    log-run   slash    pine    had   on   MOE    of   2,400,1 
p.s.i.  and  an  MOR  of  10,080  p.s.i.    The  three  butt  joints 
each   lamina  did   not   seriously   reduce   beam   MOE. 

Kubinsky,    E.,     and     Sochor,    M.     1968.     NEW    SOFTEN  » 

TREATMENT   FOR    BEECH    LOGS   BEFORE   ROTARY    PEELING  1 

VENEERS.    Forest  Prod.   J.    18(3):    19-21. 
Thermal  softening  of  veneer  logs  ivas   improved  by  utili: 
the  ability  of  porous  hardwood  (especially  red  beech)  to  ,  I 
duct  liquids  in  the  fiber  direction.    Bolts  were  sealed  on  <  i 
end  with   a  perforated  disk  and  placed  in   a  pressure  ve  y 
Hot  water  (130°   C.)  was  then  pumped  into  the  vessel  , ' 
pressure   of   114   p.s.i.     Under  these   conditions,   treating  .  I 
was  reduced  from   100  hours  to  4  to   12  minutes.    The  , 
percture  gradient  across  the  log  diameter  was  also  diminis 
Logs  treated  by  the  process  produced  light-colored  venee 
good  tensile  strength,  and  the  tendency  to  form  marginal  s  < 
during  drying  was  slight.    The  process  was  most  effective 
freshly  cut,  sound,  beech  sapwood. 

Kulikov,     V.      A.      1968.      ERRORS     IN      THE     THICKNESS    , 

peeled  VENEER.    Nauch.    Tr.  Lesoteh.  Akad.   106,  pp. 

An  analysis  of  the  causes  of  variation  in  veneer  thickness  I 

ing  peeling. 

Ljuboslavskij.     1967.      (Research    Instrumentation    and 

niques) 

Lutz,  J.  F.,  Mergen,  A.  F.,  and  Panzer,  H.  R.     1969- 

TROL  OF  VENEER  THICKNESS  DURING  ROTARY  CUTTING.    I 

est  Prod.   J.    19(12):    21-28. 

A  study  showed  that  a  major  cause  of  thickness  variolic  i 
rotary-cut  veneer  is  a  reversal  of  the  forces  between  the  ■ 
carriage  and  the  wood,  depending  on  whether  or  not  the  >' 
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tire  bar  is  contacting  the  wood.  At  the  start  of  peeling  and 
vhen  the  bar  is  opened  during  cutting,  as  for  clearing  splinters, 
he  knife  carriage  and  the  wood  bolt  are  pulled  together.  In 
ontrast,  when  the  pressure  bar  is  contacting  the  bolt,  the 
knife  carriage  and  wood  bolt  are  forced  apart.  Uniformity  of 
\eneer  thickness  can  be  improved  by  eliminating  play  in  the 
athe,  keeping  the  pressure  bar  shut  during  round-up  and 
\broughout  the  cutting,  using  low  nosebar  pressure,  and  pre- 
hading  the  knife  carriage  against  the  wood  bolt. 

{IcKenzie  and  McCombe.  1968.  (Properties  of  the  Cutting 
tdge   and    Cutter;    Dulling) 

liheev,     I.     I.       1969.      INCREASING     THE     PRODUCTIVITY     OF 

iORIZONTAL  VENEER  SLICERS.  Derev.  Prom.   18(4):   4-6. 
^escribes  the  development,   in  the   (J.S.S.R.,   of  an  automatic 
\ikeoff  and  stacking  device  that  removes  veneers  as  they  are 
\iced  from  the  flitch  and  stacks  them  in  sets  of  correct  order. 

[iheev,  I.  I.,  Plahov,  V.  N.,  et  al.  1968.  EFFECT  OF  SHEARING 

ONES    ON    THE    QUANTITATIVE    YIELD    OF    SLICED    VENEER. 

erev.  Prom.   17(4)  :   3-5. 


'ilka,    L.    C.       1968.      A    SIMPLE    FORMULA    FOR    PREDICTING 

6NEER  LATHE  SETTINGS.  Can.  Dep.  Fish.  Bimo.  Res.  Notes 
4(4):   33. 

\n  equation  is  developed  to  describe  horizontal  and  vertical 
bsebar  openings  as  a  function  of  veneer  thickness,  roller-bar 
ameter,  knife  bevel,  wood  species,  wood-moisture  content, 
id  cutting  temperature.  The  equation  implies  that  optimum 
irizontal  compression  should  increase  with  decreasing  veneer 
ickness  and  roller-bar  diameter  and  with  increasing  vertical 
>ening  and  effective  bevel  angle. 

flepelin,  V.  M.,  and  Orlov,  A.  T.  1967.  A  mechanized 
rwline  for  hydrothermal  treatment  of  veneer  logs.  Derev. 
om.    16(7):   4-7. 

impares  the  economics  of  preparing  veneer  logs  for  peeling 
(a)  soaking  loose  logs  in  open  tanks  with  water  at  80  to 
C;  (b)  heating  bundled  or  containerized  logs  in  closed 
tks  with  water  at  80  to  95°  C;  and  (c)  treating  bundled 
\  containerized  logs  in  open  tanks  with  water  at  30  to  40°  C. 
design  of  a  continuous  line  for  treating  by  method  c  is 
scribed. 


rry,  D.  A.,  Choong,  E.  T.,  and  Fogg,  P.  J.  1968.  SOME 
HSERVATIONS  ON  THE  INFLUENCE  OF  LATHE  CHECK  ORIEN- 
'ItION    ON    BONDING    STRENGTH    OF    SOUTHERN    PINE    PLY- 

'X>D.  La.  Agr.  Exp.  Sta.  LSU  Wood  Util.  Notes  14,  2  pp. 
Hie-eighth-inch  southern  pine  veneers  12  inches  square  and 
<>  5-percent  moisture  content  were  bonded  with  a  phenol 
Imaldehyde  adhesive  (Cascophen  W-163  resin)  into  1,300 
pwood  panels.  Closed  assembly  time  varied  from  6  to  60 
t'nutes  and  panels  were  pressed  at  about  200  p.s.i.  and 
'9°  C.  After  pressing,  panels  were  allowed  to  postcure  for 
i  hours  in  an  oven  maintained  at  105°  C.  Shear  specimens 
i  re  prepared  from  each  panel.  Specimens  from  half  of  the 
P,iel  were  kerfed  so  that  lathe  checks  were  pulled  open; 
t  remaining  half  were  kerfed  so  that  checks  were  pulled 
csed.  The  resulting  6,500  samples  were  tested  in  accordance 
*>h  U.  S.  Commercial  Standard  P-l-66.  The  average  shear 
S'-ngth  and  percent  wood  failure  were  respectively  31-0  and 
I  percent  higher  for  samples  pulled  closed  than  for  sam- 
ls  pulled  open.  It  was  concluded  that  differences  in  glue 
kid  quality  due  to  lathe  check  orientation  are  sufficiently 
Rat    to    affect    performance    criteria. 


Peters,  C.  C.  1968.  multiple-flitch  method  for  thick 
SLICING.  Forest  Prod.  J.  18(9):  82-83. 
Continuous  or  multiple-flitch  cutting  minimizes  problems  as- 
sociated with  knife  entrance  and  exit.  The  technique  is  rec- 
ommended for  consideration  in  the  design  of  a  protoype 
machine  for  slicing  thick  veneer. 

Peters,  C.  C.  Mergen,  A.  F.,  and  Panzer,  H.  R.  1969.  EFFECT 
OF  CUTTING  SPEED  DURING  THICK  SLICING  OF  WOOD.  Forest 
Prod.  J.   19(11):   37-42. 

One  half  and  one-inch-thick  specimens  of  red  oak,  southern 
pine,  and  yellow -poplar  were  cut  at  190°  F.  on  a  specially 
designed  machine.  The  knife  had  a  20°  wedge  angle.  The 
pressure  bar  was  conventional,  having  a  15°  front-bevel  angle 
with  restraint.  Cutting  speeds  were  5,  50,  200,  and  500  f.p.m. 
The  depth  of  knife-side  fractures  increased  rapidly  (approxi- 
mately doubled)  as  speed  increased  from  5  to  500  f.p.m.,  espe- 
cially in  the  range  of  5  to  50  f.p.m.  Depths  (expressed  as  a 
percentage  of  veneer  thickeness)  ranged  from  32  percent  for 
V2-inch  red  oak  and  yellow-poplar  cut  at  5  f.p.m.  to  82  percent 
for  1-inch  southern  pine  cut  at  500  f.p.m.  Uniformity  of  thick- 
ness was  not  related  to  cutting  speed  or  to  wood  species.  The 
average  variation  in  thickness  (within  a  slice)  was  0.016  for 
V2-inch  slices  and  0.031  inch  for  1-inch  slices.  Maximum 
parallel  and  perpendicular  knife  forces  were  291  and  454 
pounds  per  inch  of  length  respectively;  on  the  bar  they  were 
239  and  858  pounds  per  inch  of  length.  Net  cutting  power 
ranged  from  0.03  to  8.01   hp.  per  inch  of  length. 

Peters,  C.  C,  Mergen,  A.  F.,  and  Panzer,  H.  R.  1969.  SLIC- 
ING WOOD  ONE-INCH  THICK:   FOUR  TYPES  OF  PRESSURE  BARS. 

Forest  Prod.  J.   19(7):   47-52. 

One-inch-thick  slices  of  red  oak,  Douglas-fir,  and  bigtooth 
aspen  were  cut  with  four  types  of  pressure  bars — a  conven- 
tional fixed  bar  with  a  15°  angle,  a  15°  conventional  bar  with 
restraint,  a  lV4-inch-diameter  free-rolling  bar,  and  lV4-inch- 
diameter  bar  overdriven  by  10  percent.  Cutting  was  done  at 
200°  F.  on  a  modified  metal  milling  machine  equipped  with 
a  21°  knife.  Judged  by  depth  of  fractures  and  uniformity  of 
thickness,  the  conventional-with-restraint  bar  set  at  low  com- 
pression (0.1  inch)  and  high  restraint  levels  (0.0  inch  lead) 
generally  performed  best.  The  curvature  of  the  slices  produced 
with  the  conventional  and  the  conventional-with-restraint  bars 
was  only  about  half  that  of  the  slices  made  with  the  roller 
bars.  Maximum  knife  forces  parallel  and  perpendicular  to  the 
cutting  direction  were  360  and  429  pounds  per  inch  of  length, 
while  for  the  bar  they  were  280  and  725   pounds  per  inch. 

Peters,  C.  C,  and  Zenk,  R.  R.  1968.  EFFECT  OF  PRECOM- 
PRESSION   ON   SLICED   WOOD    1/2    AND    1    INCH    IN    THICKNESS. 

USDA  Forest  Serv.  Res.  Note  FPL-0194,  6  pp.  Forest  Prod. 
Lab.,    Madison,    Wis. 

Precompressed  and  control  flitches  of  chestnut  oak  and  Doug- 
las-fir were  sliced  1/2  and  1  inch  thick  on  a  modified  milling 
machine  with  a  lVi-inch-diameter  roller  pressure  bar.  Slicing 
was  done  at  70°  and  200°  F.  and  at  two  levels  of  compression 
and  restraint.  Precompression  up  to  40  percent  of  block 
thickness  for  Douglas-fir  and  30  percent  for  chestnut  oak  blocks 
had  little  effect  on  the  depth  of  knife  checks  and  on  variations 
in  thickness  of  the  sliced  piece.  However,  precompression  did 
reduce  forces  perpendicular  to  the  cutting  direction  (as  high 
as  4,187  pounds  per  inch  for  chestnut  oak)  as  much  as  one- 
half.  Increasing  compression  with  a  roller  bar  caused  large 
increases  in  forces  for  both  precompressed  and  control  speci- 
mens. 
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Peters,  C.  C.  Zenk,  R.  R.,  and  Mergen,  A.  F.     1968.     EFFECTS 

OF    ROLLER-BAR    COMPRESSION    AND    RESTRAINT    IN    SLICING 

WOOD  1-INCH  THICK.  Forest  Prod.  J.  18(1):  75-80. 
One-inch-thick  slices  of  clear  flat-grained  chestnut  oak,  Doug- 
las-fir, and  yellow-poplar  were  cut  at  5  f.p.m.  on  a  modified 
milling  machine.  Cutting  was  done  at  70  and  200°  P.,  with 
various  amounts  of  compression  and  restraint  applied  by 
a  free-rolling  pressure  bar  IV4  inches  in  diameter.  In  all 
cases,  hot  cutting  was  better  than  cold.  Yellow-poplar  cut 
much  better  than  the  other  two  species  and  was  the  only 
species  that  could  be  sliced  without  any  physical  damage.  As 
compression  increased,  check  depth  generally  decreased  on 
the  knife  side  and  increased  on  the  bar  side.  Increasing  re- 
straint had  less  effect  than  compression;  it  generally  reduced 
the  depth  of  checks  on  the  knife  side  but  had  little  effect 
on  the  bar  side.  Thickness  variation,  which  ranged  from  0.005 
to  0.190  inch,  was  increased  by  increasing  compression,  while 
restraint  had  little  effect.  The  best  pieces  were  relatively 
smooth,  with  checks  from  0  to  1/2-inch  deep,  and  were  cupped 
toward  the  pressure-bar  side  of  the  slice.  Total  forces  ran  as 
high  as  2,180  pounds  per  inch  of  length. 

Salehuddin,  A.  B.  M.,  and  Barefoot,  A.  C.  1968.  STATISTI- 
CAL    QUALITY     CONTROL     AND     VENEERING     RESEARCH     ON 

SEMUL.  Forest  Prod.  J.  18(2)  :  40-44. 

Discusses  the  importance  of  using  Shewhart's  X  and  R  charts 
for  selecting  proper  peeling  conditions,  and  tentatively  recom- 
mends knife  angles,  vertical  and  horizontal  nosebar  openings, 
and  wood  temperatures  for  peeling  good-quality  semul  (Sal- 
malia  malabaricaj   veneers  1/32,   1/16,  and  3/32  inch  thick. 

Sevcenko,   V.   A.,   and   Oniscenko,   Z.    A.     1968.     RATIONAL 

UTILIZATION    OF    RAW    MATERIAL    IN    THE    PRODUCTION    OF 

SLICED  veneer.    Derev.   Prom.    17(8):    23-24. 
Tabulates    schedules    for    steaming    flitches    of    diffuse-porous 
ivoods  (beech,  maple,  walnut)   in  conventional  pits  and  auto- 
claves.   Also   makes   recommendations   for  slicing   and   drying 
the  veneers. 

Simonov,  A.  S.  1968.  INCREASING  THE  SURFACE  QUALITY 
AND    STRENGTH    OF    SLICED    VENEER.     Derev.    Prom.     17(1): 

12-14. 

Tests   were   made   to    determine   the    effect    of   the   degree    of 


veneer  compression  (0  to  30  percent)  and  rake  angle  (90-7C 
during  the  slicing  of  oak,  larch,  birch,  and  aspen.  The  be 
rake  angle  was  80°.  Optimum  compressions  for  oak,  bird 
and  aspen  were  10  percent  for  veneer  0.6  mm.  thick,  15  pe 
cent  for  0.8  mm.  veneer,  and  20  percent  for  1.0  mm.  venee 
For  larch,  optimum  compressions  were  7,  10,  and  15  perce 
respectively. 

Stegmann,  G.,  Bismarck,  C,  and  May,  H.  A.  1968.  TH  i 
EFFECT  OF  MECHANICAL  STRETCHING  ON  BEECH  VENEER  jj 
AND    PROPERTIES    OF    PLYWOOD    MADE    THEREFROM.      Hoi  ■ 

Zentralbl.   94(9):    102-106. 

Sulepov,  I.  A.  1968.  EFFECT  OF  CERTAIN  FACTORS  OF  TH  ! 
PEELING    REGIME    ON    THE    VENEER    QUALITY.     Derev.    Pror  . 

17(3):    8. 

A  study  was  made  of  pressure-bar  lead  ( — 0.2  to  0.5  mm.  j 
radius  of  rounding  (0.02  to  0.3  mm.),  and  angle  (3  to  34'  \ 
on  veneer  quality  in  peeling  birch.  Compression  was  he.  I 
constant  at  20  percent  of  veneer  thickness.  Optimum  settin,  1 
were:  pressure-bar  lead  0.1  to  0.2  mm.,  radius  of  roundit.  i 
0.1   mm.,  and  pressure-bar  angle  5  to  10°. 

Woodruff,    D.    V.       1966.      THE    EFFECT    OF    PERPENDICULj"  I 
PRECOMPRESSION  OF  FLITCHES  ON  THE  BENDING  PROPERTI] 
OF    HORIZONTALLY    CUT    SLICEWOOD.     M.S.    Thesis.     Pen 
State    Univ.,    University    Park. 

Fourteen  yellow-poplar  flitches  from  one  tree  were  sliced  ai  i 
sawn  into  280  laminae  approximately  1/4  by  2  inches  :  ,  \ 
cross  section  and  15  inches  along  the  grain.  Prior  to  convt  - 
sion,  each  flitch  was  precompressed  perpendicular  to  the  grai 
at  pressures  varying  from  0  to  750  p.s.i.  Each  flitch  was  thi ; 
cut  into  20  laminae;  10  were  horizontally  sliced  with  a  km  i 
having  either  a  21-  or  10-°  sharpness  angle,  and  10  wei 
sawn.  Each  was  ripped  in  half;  one-half  was  tested  in  bendh  i 
and  the  remaining  half  used  to  construct  laminated  bean  ' 
Static  bending  tests  revealed  that  strength  values  were  lou  t 
for  beams  from  sliced  laminae  than  for  those  from  sol  > 
laminae,  but  strengths  were  independent  of  degree  of  pi '. 
compression  and  knife  angle.  Beams  with  sliced  lamini  \ 
oriented  vertically  to  the  load  had  strength  values  at  let  i 
80  percent  as  high  as  beams  from  horizontally  placed  sat  ft 
laminae. 


CHIPPING,  FLAKING,  AND  GRINDING 


CHIPPING 

Benson,  M.  K.,  and  Peckham,  J.  R.  1968.  PRELIMINARY 
OBSERVATIONS    ON    A    BARK    AND    WOOD    CHIP    SEPARATION 

PROCEDURE  FOR  ASPEN.  Inst.  Pap.  Chem.  Genet.  Physiol. 
Notes  2,  8  pp. 

After  stems  of  10-  and  30-year-old  aspen  were  chipped,  sep- 
aration of  wood  and  bark  by  water  flotation  yielded  data  on 
whole-tree  bark  percentages,  bark  and  wood  densities,  and 
seasonal  variation  in  moisture  contents  of  bark  and  wood. 
The  flotation  technique  appears  suitable  for  separating  bark 
and  chips  from   aspen   of  all  ages. 

Birjukov,   M.   V.,   Seljapin,   F.    N.,   and   Petri,   V.    N.     1968. 

THE   PREPARATION   OF   PULP   CHIPS   FROM   LARCH   IN   MULTI- 
KNIFE  chippers.    Bumazhnaya  Prom.    (5):    19-20. 
Presents  results  (in  graphs)  of  a  study  on  chipping  884  larch 
logs  having  diameters   of  8  to   51    cm.    The  chipper  was  an 
Ottersland  550,  and  various  combinations  of  knife  projection 


(11.5  to  13.5  mm.)  and  sharpness  angle  (35  to  41°)  ui>' 
tested.  A  setting  of  12.5  mm.  and  41°  gave  few  fines  a> 
a  high  percentage  of  standard  chips.  With  other  settin  J 
the  percentage  of  fines  was  higher  and  varied  with  log  did  \ 
eter.  Frozen  wood  gave  more  fines  and  splinters  than  c  « 
unfrozen   wood. 

Bryan,  R.  W.     1969.     portable  chip  mill  used  as  pi  <j 
manent  UNIT  IN  tsi  work.    Forest  Ind.  96(11):  86-S7. 
A  Morbark  Model  2240  Chiparvester  was  installed  as  a  p  " 
manent    chipping    mill   to    utilize   cull   and   small    harduoc  / 
(largely  oaks)   that  formerly  were  girdled  or  sprayed  as  p  'I 
of  a  timber  stand  improvement  program.    The  objective  1 1| 
to  market  material  that  previously  had  cost  $7  to  $12  per  a  'j 
to   remove.     Production    averaged   200    tons    or   four   gond 
cars  per  9-hour  day.    The  average  diameter  of  material  chipl 
was  9  inches.    A   major  modification  in  the  Chiparvester  i 
the   addition    of   a   four-chain,   20-foot-long    infeed   deck. 
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Oregon  chain  cutoff  saw  was  installed  behind  the  debarker 
o  buck  crooked  logs.  Other  additions  included  an  elevated 
ill-weather  cab  for  the  operator,  a  chip  screen,  surge  bin,  and 
ar  feeder. 

Jurchill,  J.  G.  1969.  THE  FUTURE  OF  CHIPS.  Pulp  and  Pap. 
rfag.   Can.    70(6):    88-89. 

Irief  narrative  of  chip  production  in  Canada,  including  com- 
nents  on  inflationary  pressures  experienced  by  the  Canadian 
umber  industry. 

linsphar,  D.  W.,  Benson,  M.  K.,  and  Peckham,  J.  R.     1969. 

)BSERVATIONS    ON    A    BARK    AND    WOOD    CHIP    SEPARATION 

PROCEDURE  FOR  ASPEN.  Forest  Prod.  J.  19(7)  :  33-36. 

i  sink-float   bark-wood  separation  system   for  aspen   chips   is 

{escribed.    Juvenile    (0   t0    1®   years)    and   mature    (30   years) 

terns  were  cut  at  various  times  of  the  year  and  the  chips  were 

\orted  by  the  system.   Roundwood  from  30-year-old  trees  stored 

\or  6   months  was  also  processed.    During  a  substantial  part 

\f  the  year  the  mechanical  action  of  the  chipper  broke  enough 

\ark-wood  bonds  so  that  separation  in  a  single  pass  through 

i  well-designed  flotation  chamber  appeared  feasible.  In  months 

vhen  the  cambium  was  entirely  dormant,  a  secondary  operation 

ivolving  drying  and  reprocessing  the   refects   increased  total 

ood  recovery.   Storing   winter-cut   wood   increased   the   effec- 

veness    of    the    first    separation.     Observations    indicate    that 

)e  system  works  equally  well  for  aspen  of  all  ages. 

rickson,  J.  R.  1968.  BARK  SEPARATION  DURING  CHIPPING 
ITH  A  PARALLEL  KNIFE  CHIPPER.  USDA  Forest  Serv.  Res. 
ote  NC-54,  3  pp.  N.  Cent.  Forest.  Exp.  Sta.,  St.  Paul,  Minn. 
'inter-cut  logs  of  hard  maple,  soft  maple,  eastern  hemlock, 
Vaking  aspen,  and  spruce  were  processed  with  a  parallel-knife 
tipper.  Chips  from  frozen  wood  had  a  higher  percentage  of 
fe  wood,   bark,  and  fines,   and  a  lower  percentage   of   bark 

nded  to  wood,  than  chips  from  unfrozen  wood.    Most  chips 

re  retained  on  screen  with  an  0.50-inch  mesh,  except  that 
hemlock   more   than   50   percent   of   the   chips   from    both 

ten  and  unfrozen  logs  were  retained  on  a  0.25-inch  screen, 
all  species  except  spruce,   51    to   89  percent  of  the   bark 

barated  from   the   wood   during   chipping. 

folokiz.     1968.      (Defibrating) 

Imaki.O.     1969.    studies  on  the  preparation  of  chips 

)  OM   END   TRIMMINGS   AND   STICKS.    Paperi    ja   Puu    51(4): 

9-372. 

I  mtmorency,  W.  H.  de.  1969.  WOOD  CHIPS  FOR  THE 
(EMICAL    AND    MECHANICAL     PULP     PROCESSES.      Pulp    and 

I|p.  Mag.  Can.  70(6):   85-86. 

Up  requirements  are  essentially  the  same  for  the  kraft,  sul- 
i'te,  and  refiner  groundwood  processes.  Chips  should  be 
'.'form  in  moisture  content,  size  and  shape,  and  specific 
vity.  They  should  be  moist  and  free  from  compression 
dnage  and   bark. 

Fnvorth,  R.  L.,  and  Johnson,  K.  R.  1968.  POWER  RE- 
QUIREMENTS FOR  PRODUCING  WOOD  CHIPS  WITH  A  PARALLEL 
kifb  chipper.    Forest  Prod.  J.  18(10)  :  42-44. 

er  consumption  was  measured  for  an  18-inch  Soderhamn 
parallel- knife  chipper  (V-belt  driven  at  200  r.p.m.  by  a 
7hp.  motor).  Species  tested  were  hard  maple,  spruce,  soft 
title,  aspen,  and  hemlock.  Logs  varied  from  4  to  12  inches 
•  t-'iameter  and  were  chipped  in  both  the  frozen  and  unfrozen 
i '  ution.  Chips  were  1 V4  inches  long  by  V4  inch  thick. 
>i  'fie  chipping  energy  increased  with  wood  density,  but  did 
differ  between  frozen  and  unfrozen  wood.    Horsepower 


consumption  increased  with  increasing  log  diameter  and  could 
be  accurately  predicted.  The  parallels  knife  chipper  required 
significantly  less  specific  energy  than  did  a  disk-type  chipper 
previously  tested  on  the  same  species.  Because  its  power  con- 
sumption is  low,  operating  costs  and  machine  size  are  reduced. 
The  parallel-knife  machine  should  therefore  prove  useful  at 
remote  sites. 

Pease.     1969-      (Machinability  of  Lumber  and  Particleboard) 

Youngblood,  C.  H.,  Klein,  E.  L.,  and  Hopkins,  W.  C.   1967. 

THE  FEASIBILITY  OF  CHIP  PRODUCTION  BY  LOUISIANA  HARD- 
WOOD sawmills.  La.  Agr.  Exp.  Sta.,  LSU  Wood  Util.  Notes 
6,  2  pp. 

Louisiana  hardwood  sawmills  annually  produce  345,600  tons 
of  chippable  residue,  of  which  only  12  percent  is  utilized. 
Since  equipment  and  techniques  for  chipping  pine  residues  are 
generally  suitable  for  hardwoods  also,  many  mills  could  bene- 
ficially segregate  and  market  both  types  of  chips.  For  current 
costs  and  market  conditions,  an  average  hardwood  lumber  pro- 
duction in  excess  of  11,025  board  feet  per  day  is  necessary 
for  a  profitable  chip  operation.  Twenty-seven  Louisiana  hard- 
wood mills  have  this  capability.  If  chippers  were  installed 
the  total  potential  volume  would  be  in  excess  of  236,000  tons 
per  year,  with  a  market  value  of  about  $1,375,000. 

CHIPPING  HEADRIGS  AND  EDGERS 

Anonymous.  1967.  "chip-O-MATIC"  EDGER.  South.  Lum- 
berman  215(2677):    28. 

A  heavy-duty  machine  manufactured  by  the  J.  A.  Vance  Com- 
pany edges  material  up  to  4  inches  thick  and  16  inches  wide 
and  simultaneously  converts  all  the  edgings  into  chips.  The 
edger  has  eight  feed  rolls  (IVs  inches  in  diameter  with  Cole- 
man-type  teeth)  and  two  chipper  disks  on  2-15/16-inch  shafts, 
with  four  cutting  knives  and  four  scoring  knives  per  disk. 
The  infeed  table  is  10  feet  long.  Feed  speed  is  about  260 
lineal  f.p.m.  when  a  Ys-inch  chip  is  being  cut.  The  chip 
length  can  be  varied,  and  automatic  or  semi-automatic  control 
is  available. 

Anonymous.  1968.  CHIPPER-CANTER  MILL  PROCESSES 
SMALL  LOGS  WITH  FIVE-MAN  CREW.  Forest  Ind.  95(7): 
68-69. 

A  five-man  crew  converts  small  logs  (6  to  16  inches  in  diam- 
eter) into  cants  and  chips  with  a  Stetson-Ross  Model  2  Beaver 
chipping  headrig.  Cant  production  is  100  M  b.f.  daily.  Cants 
are  sent  by  transfer  chain  to  an  adjacent  sawmill,  while  chips 
are  blown  300  feet  to  a  storage  silo. 

Anonymous.  1968.  CHIPS,  LUMBER  PRODUCED  BY  MANU- 
FACTURING CENTER.  Forest  Ind.  95(4):  82-84. 
Describes  an  automated  manufacturing  complex  consisting  of 
a  combination  chip  mill  and  a  "Chip-N-Saw"  headrig  that  is 
expected  to  achieve  an  annual  production  of  45,000  cords  of 
chips  and  25  million  board  feet  of  lumber.  The  headrig 
accepts  logs  up  to  16  inches  in  diameter  and  produces  approxi- 
mately 50  percent  2  by  6's  and  2  by  8's;  other  products  include 
2  by  4's,  2  by  10' s,  and  6-  and  8-inch  boards.  Material  unsuit- 
able for  the  headrig  is  sent  directly  to  an  eight-knife,  84-inch 
diameter  chipper  which  can  process  logs  up  to  20  inches  in 
diameter.  Chips  from  both  operations  are  shipped  by  rail  to 
the  company  pulp  mill;  lumber  is  sold  locally.  Loblolly  pine 
is  the  primary  species. 

Anonymous.      1968.      LOW-COST  CHIP-STUD  MACHINE  RECOV- 
ERS VALUE   FROM  CORES.    Forest  Ind.  95(8):    74. 
Briefly  describes  a  low-cost  chipper-stud  machine  that  processes 
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61/2-inch  veneer  cores  into  Ys-inch  chips  and  a  cant  that  will 
yield  either  one  4  by  6,  three  2  by  4's,  one  4  by  4  and  two 
1  by  4's,  or  six  1   by  4's. 

Anonymous.       1968.      NEW  "BEAVER"  CHIPPER  CANTER  STARTS 

UP  AT  J.  P.  LEWIS  CO.,  BEAVER  FALLS,  N.  Y.  Northern  Logger 
16(9):  8-9,  38.  See  also  Pease,  D.  A.  1969.  CHIPPER-CAN- 
TER RECOVERS  LUMBER  FROM  PULPWOOD.  Forest  Ind.  96  ( 2 )  : 
84-85. 

Describes  a  chipping  headrig  operation  that  processes  8-foot 
spruce  and  balsam  fir  logs  having  maximum  diameters  of  24 
inches.  Fifteen  cords  per  hour  are  processed  at  183  f.p.m.  to 
yield  8  tons  of  Ys-inch  chips  and  5  M  b.f.  of  cants.  Chips  are 
converted  into  refiner  groundwood ,  while  cants  are  sold  for 
conversion  into  8-foot,  2-  by  4-inch  studs. 

Anonymous.  1968.  PROCEEDINGS,  HIGH-SPEED  HEADRIG 
CONFERENCE.    State  Univ.   Coll.   Forest.   Syracuse  Univ.,    103 

pp.    N.Y. 

Contains  presentations  by  various  authors.  Peter  Koch  reviewed 
the  development  of  the  chipping  headrig  and  described  various 
commercial  machine  types.  L.  H.  Hobbs  noted  economic  as- 
pects of  chipping  headrigs,  including  their  advantages  and  dis- 
advantages. Earl  R.  Priegel  made  economic  comparisons  be- 
tween a  conventional  sawmill,  a  conventional  sawmill  with 
a  chipping  headrig,  and  a  scrag  mill.  John  R.  Blackstock  exam- 
ined sawmilling  from  1930  to  the  present  and  described  the 
use  of  scrag  mills,  double  arbor  edgers,  quadsaws,  and  twin- 
saw  headrigs.  J.  Dobie  discussed  the  productivity  of  chipping 
headrigs,  scrag  mills,  and  gang  mills.  Fredrick  B.  Malcolm 
discussed  future  sawmill  research  and  reviewed  technical  ad- 
vances that  may  lead  to  automated  sawmilling.  Also  included 
in  the  publication  are  edited  versions  of  panel  presentations  by 
operators  of  six  mills  with  newly  installed,  high-speed  headrigs. 

Anonymous.  1969-  HARDWOOD  PROCESSED  BY  CHIPPER 
HEADRIG.    Forest  Ind.  96(11):   90-91. 

Describes  an  application  of  a  Chip-N-Saw  headrig  to  make 
bardu'ood  lumber,  principally  for  pallets  and  crating.  The 
headrig  processes  mostly  beech,  birch,  hard  and  soft  maple, 
and  cherry  logs  as  large  as  20  inches  in  diameter.  With 
straight,  sound  wood,  it  can  produce  40,000  board  feet  per 
shift.  Defective  and  extremely  small  logs  are  not  processed 
by  the  headrig  but  are  chipped  at  the  infeed  end  of  the  mill. 
All  chips  are  transported  by  truck  to  pulp  and  paper  plants. 
Sawdust  and  fines  are  sold  locally  for  agricultural  uses,  although 
the  company  plans  to  process  and  sell  bark  to  accomplish  100- 
percent  utilization.  All  hardwoods  are  processed  satisfactorily 
when  carbide-tipped  saws  are  used  in  the  horizontal  arbor 
section. 

Bryan,  R.  W.       1968.      CHIPPER-CANTER  REPLACES  SCRAGG  IN 

modernization.  Forest  Ind.  95(9):  74-75. 
A  Stetson-Ross  No. 4  Beaver  was  modified  to  increase  its  effec- 
tiveness in  converting  southern  pine.  The  changes  included: 
(I)  installation  of  lVs  inch  spirally  set  knives  in  a  segmented 
head:  (2)  replacement  of  the  air  cushion  device  with  a  single 
10-inch  air  cylinder  with  rocker  arms;  (3)  installation  of  an 
Esco  steel  H-type  infeed  chain  and  an  extra  feed  roller  to 
accommodate  8-foot  logs;  and  (4)  modification  of  motors  to 
reduce  replacement  time. 

Bryan,  R.  W.  1969.  BAND  HEADRIG,  CHIPPER-QUADMILL 
GIVB  new  sawmill  versatility.  Forest  Ind.  96(4) :  101-103. 
At  Temple  Industries'  new  two-sidei  sawmill  at  Diboll,  Texas, 
large,  high-quality  logs  go  to  a  band  headrig  while  logs  from 


6%  to  18  inches  in  diameter  are  processed  by  a  Chip-N-Saw 
The  bandmill  has  a  capacity  of  approximately  5  M  b.f.  at 
hour,  while  output  of  the  Chip-N-Saw  ranges  up  to  10  M  b.f' 
per  hour,  depending  on  log  diameter  and  length.  Total  pro 
duction  is  expected  to  reach  50  to  60  million  board  feet  annual 
ly  upon  completion  of  improvements.  Four  handsaws  at  th 
outfeed  end  of  the  Chip-N-Saw  move  independently,  providin; 
seven  cutting  patterns.  Cants  continue  directly  to  a  double 
arbor  edger,  while  side  boards  can  be  directed  to  either  o  ' 
two  side-chipping  edgers.  On  the  bandmill  side,  boards  tha 
require  edging  go  to  a  chipping  edger,  while  timbers  ar 
directed  to  a  36-inch  timber  saw.  Chips  from  the  Chip-N-Sat 
and  a  50-inch  horizontal  chipper  are  utilized  by  Temple's  fibei 
board  plant  or  shipped  to  pulp  and  paper  mills. 

Bryan,    R.    W.      1969-     CHIP    HEADRIG    UTILIZES    MATERIA 
frow  thinnings.    Forest  Ind.  96(10):   80-81. 
Loblolly   and   shortleaf   pine   logs,    ranging   in   diameter   frot 
51/2  to  15  inches  (average  7  to  8  inches),  are  sent  through 
Can-Car  Mark  Chip-N-Saw  which  can  make  a  4-inch  cant  an 
1  by  4,  1  by  6,  2  by  6,2  by  8, and  2  by  10-inch  sideboards.  Tl. 
cant,  which  proceeds  directly  to  a  Can-Car  vertical  double-arbi  j 
edger,  yields  from  two  to  five  2  by  4's.   Logs  having  diamete: 
greater  than  10  inches  can  be  directed  to  the  company's  nearl  > 
pine  sawmill.   The  mill  averages  45,000  to  50,000  feet  lumb<  • 
scale  in  an  8-hour  shift.    Annual  goal  is  12  million  feet  pi  \ 
shift. 

Bryan,  R.  W.  1969.  MEMORY  SYSTEM  CONTROLS  SAWtt 
IN  chip-cant  mill.  Forest  Ind.  96(4):  106-107. 
Reports  a  system  of  manufacturing  lumber  with  a  No.  2  Beav  1 
chipping-headrig  in  conjunction  with  a  quad  bandmill  and  1 
double-arbor  edger.  Processing  of  the  logs  is  controlled  1  ;' 
a  memory  system.  The  mill  runs  on  longleaf  and  slash  pi  1 
logs  that  are  at  least  7  inches  in  diameter  and  1 6  feet  lor, ; 

Bryan,  R.  W.      1969-      SLABBING  CHIPPER  AT  HEADRIG  BOOS  ! 
remodeled  MILL'S  OUTPUT.  Forest  Ind.  96(12):  94-95. 

The  first  slabbing  chipper  to  be  used  in  the  United  States  u  1,  1 
manufactured  by  Chipper  Machines  &  Engineering  Corporatic  1 
The  chipper  (Model  34)  is  teamed  with  a  Salem  8-foot  bat.  I 
mill  and  Cox  48-inch  carriage.  It  is  located  just  ahead  of  t\  1 
headrig  and  removes  a  slub  in  the  form  of  chips  while  I  > 
handsaw  makes  the  first  lumber  cut.  A  board  ar.d  pulpm  I 
chips  are  thus  made  in  a  single  pass  of  the  carriage.  The  ch  9 
per-handmill  combination  produces  30  to  35  percent  nn ' 
than  the  circular  headrig  it  replaced.  Chip  production  avera,  '■ 
100  tons  a  day. 

Dobie,     J.       1967.      CHIPPER     HEADRIG     PRODUCTIVITY     CI  I 

SMALL  LOG  milling  COSTS.    Forest  Ind.  94(9):  82-85. 
Processing   costs   were  determined  for  three   chipping  head  i 
installations  (two  Chip-N-Saws  and  a  Beaver)  cutting  logs  < 
to   14  inches  in  diameter.    Costs  varied   but  were  about  I. ', 
those  for  conventional  mills.   Sawdust  comprised  only  5  pen  1 
of  the  total  volume  converted,  as  compared  to  20  to  25  i  ■' 
cent  for  circular  and  scrag  mills.    The  saving  achieved  by  m 
ing  chips  rather  than  sawdust  was  between  $60,000  to  $90,< 
per  25   million   board  feet  of  lumber  output. 

Kaiser,  H.  F.,  and  Jones,  C.  A.     1969-     CHIPPING  HEAD-p  i 

CAN     HELP     MAINTAIN     PROFITS     IN     SOUTHERN     SAWMII 

South.  Lumberman  219(2728):  141-142. 
A    conventional   mill   was   modified   by   separating   a   band » 
and  a  chipping  headrig  into  two  separate  lines.    The  mill 
able  to  process   22.6  M   b.f.   of  logs   per  hour — a  24-pe*> ' 
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increase.  Logs  16  inches  and  larger  were  sawn  on  the  band- 
mill,  while  smaller  logs  were  diverted  to  a  chipping  headrig. 
The  yields  of  lumber  (Doyle  scale)  of  lumber  and  weight  of 
chips  from  the  chipping  headrig  are  shown  in  the  following 
table: 


Log  size 

class 

Dimension 

Total 

Chip 

(inches ) 

lumber 

Boards 

lumber 

weight 

Board  feet 

Pounds 

'5.5-6.4 

4,650 

0 

4,650 

36,000 

'6.5-7.4 

2,780 

610 

3,390 

17,470 

7.5-8.4 

2,290 

340 

2,630 

10,780 

8.5-9.4 

2,200 

0 

2,200 

7,540 

9.5-10.4 

1,840 

160 

2,000 

5,780 

10.5-11.4 

1,670 

180 

1,850 

4,900 

11.5-12.4 

1,630 

110 

1,740 

4,300 

12.5-13.4 

1,620 

10 

1,630 

3,870 

13.5-14.4 

1,560 

0 

1,560 

3,510 

iSix-inch  logs  scale  4  bd.  ft.  and  7-inch  logs  scale  9  bd.  ft.; 
:ommon  practice  would  assign  16  bd.  ft.  to  such  logs. 
.umber  production   for   the   modified   mill   was   increased   34 
Percent,  while  chip  production  was  increased  43  percent. 

Coch,   P.       1968.      CONVERTING   SOUTHERN    PINE   WITH   CHIP- 

>ING  HEADRIGS.  Proc,  Forest  Eng.  Conf.  ASAE  Pub.  PROC- 
568,  pp.  106-111. 

Describes  events  leading  to  the  development  of  the  chipping 
headrig,  with  emphasis  on  the  author's  research  in  the  years 
953-1963-  The  three  major  cutting  configurations  (planing, 
nd-milling,  and  shaping  lathe)  are  discussed  and  their  poicer 
equirements  compared.  Commercial  machines  are  described 
nd  illustrated.  Aspects  of  productivity  are  discussed  and  per- 
ormance  is  compared  to  that  of  sash  gangsaws  and  scrag  mills. 

-offler,  H.       1968.      THE   ECONOMICS  OF   PROFILER-CHIPPERS. 

loIz-Zentralbl.  94(22):  353-354. 


brley,    P.    M.     1968.    CHIPPER    HEADRIGS    FOR     PROCESSING 

MALL  LOGS.  Forest.  Chron.  44(3):   30-32. 

briefly  describes  four  types  of  chipping  headrigs  operating  in 

Afferent  mills. 

jease,  D.   A.       1969-      CANT  MILL'S  INCREASED  OUTPUT  BAL- 

(NCES  RESAW  requirements.  Forest  Ind.  96(11)  :  88-89. 
y  replacing  a  circular  headrig  and  scrag  sawmill  with  a  Stetson- 
oss  No.  4  Beaver  chipper-canter ,  a  lumber  company  doubled 
s  production.  The  Douglas-fir  cants  are  used  in  an  affiliated 
anufacturing  operation  that  averages  125  M  b.f.  per  shift, 
f  compared  with  60  to  65  M  b.f.  per  shift  for  the  old  sawmill, 
aximum  capacity  of  the  chipper-canter  is  24  inches,  but  a 
it  of  18  inches  has  been  adopted  for  economic  reasons, 
kips  are  blown  to  a  double  carloader  spanning  two  spur 
'cks. 

ase,  D.  A.  1969-  chipper-canter  recovers  lumber 
OM  PULPWOOD.   Forest  Ind.  96(2)  :  84-85.  See  also  Anony- 

OUS.  1968.  NEW  "BEAVER"  chipper-canter  starts  up 
J.  P.  LEWIS  CO.,  beaver  FALLS,  N.Y.  Northern  Logger 
(9)  :  8-9,  38. 

escribes  operations  at  a  papermill  in  which  all  incoming 
uce  and  balsam  fir  roundwood  is  sent  to  a  chipping  headrig. 

he  headrig  supplies  the  mill  with  refiner  groundwood  chips 

id  recovers  15  M  b.f.  of  cants  per  day.  The  cants  are  sold  for 

nversion   into   studs. 


Shepard,  H.  1968.  OPERATION  AND  USE  OF  THE  SLABBER- 
HEAD  chipper.  Northern  Logger  17(2):  12-13,  66-67. 
Describes  a  slabbing  chipper  which  consists  of  a  heavy-duty 
revolving  disk  having  eight  knife  holders.  The  knives  have 
a  right-angle  shape  and  remove  chips  in  a  two-stage  cut.  The 
chipper  is  adjacent  to  a  conventional  saw  carriage  and  the 
leading  edges  of  the  knives  are  in  the  same  position  relative 
to  the  carriage  as  the  saw.  After  the  log  has  been  dogged, 
the  slabbing  head  cuts  off  a  face  approximately  15  inches  wide 
and  3V2  inches  deep,  producing  Ys-inch  chips  for  pulp.  The 
rate  of  carriage  travel  and  revolutions  of  the  cutterhead  are 
synchronized.  The  chipper  may  be  permanently  installed  to 
slab  one  side  of  the  log  in  a  single  pass  of  the  carriage,  after 
which  the  log  is  sent  to  a  sash  gangsaw.  The  unit  can  also  be 
installed  on  a  sliding  base  directly  ahead  of  a  circular  or  band 
headrig,  so  that  when  slabbing  has  been  completed,  the  carriage 
can  continue  past  the  headrig  to  cut  a  board. 

Timofeev,  N.  I.,  and  Gofman,  A.  I.     1969.     CHIPPER  HEADS 

FOR    PROFILING    LOGS    INTO    CANTS    AND    PRODUCING    CHIPS. 

Derev.  Prom.   18(4)  :   7-9. 

MOBSLE  CHIPPERS 

Anonymous.  1968.  (Chipping,  Flaking,  and  Grinding;  Mo- 
bile Chippers) 

Anonymous.  1968.  FIRST  TURBINE-POWERED  MOBILE  DE- 
BARKER-CHIPPER.  South.  Lumberman  217(2695):  27-28. 
The  22-inch  "Cruiser"  Nicholson  Utilizer,  a  new  mobile  de- 
barker-chipper,  is  powered  by  two  360  hp.  Caterpillar  5310 
turbine  engines.  It  accepts  logs  with  a  maximum  diameter  of 
22  inches  at  the  rate  of  120  lineal  f.p.m.  and  can  chip  over 
25  cords  per  hour.  The  Utilizer  is  self-contained  and  is  oper- 
ated by  one  man.  Each  turbine  weighs  450  pounds  and  can 
be  transported  on  public  highways.  The  turbines  are  canti- 
lever-mounted to  a  gear  unit  which  transmits  power  to  the 
cutterhead  and  to  an  electric  generator  which  supplies  power 
to  the  log  loader,  debarker,  bark  hog,  propulsion,  and  hydraulic 
control  units.  Should  the  chipper  become  overloaded,  the  feed- 
works   is  disengaged  until  cutterhead  speed   is   regained. 

Blumenstock,  B.  1968.  CHIP  PRODUCTION  WITH  THE  NICH- 
OLSON UTILIZER.    Northern  Logger  17(3):   10-11. 

Cervenak,  P.  1967.  GAS-TURBINE  power  TRIMS  COST  OF 
CHIPPING  TREE-LENGTH  LOGS.  Pap.  Trade  J.  151(34):  45. 
A  description  of  the  Nicholson  Utilizer  mobile  chipper  de- 
signed for  tree-length  logs  up  to  16  inches  in  diameter. 

Hauffe,  N.  C.  1969.  CHIPPING  IN  THE  FOREST.  Pulp  and 
Pap.    Mag.    Can.    70(6):    81-83. 

Discusses  the  historical  development  of  machines  designed 
for  chipping  in  the  forest  and  describes,  in  general  terms, 
several  commercial  machines  now  in  use. 

Szostak,     M.       1968.      ON     THE     MANUFACTURE     OF     COARSE 

CHIPS  FROM  PINE  BRANCHWOOD.  Holztechnologie  9(1): 
31-34. 

Comparative  tests  were  made  with  four  transportable  chippers: 
(1)  Karhula  1200/2  (Finland);  (2)  ITD-1000  (Poland); 
(3)  HZM-Klockner  (West  Germany);  and  (4)  Spiral-Schnitz- 
ler  7 00- A  (Sweden).  Best  results  were  obtained  with  the 
Finnish  Karhula  1200/2.  Technical  properties  of  the  chips 
and  performances  of  all  machines  are  described  and  tabulated. 

Zidkov,  V.  G.,  Lah,  E.  I.,  and  Livanov,  A.  P.  1968.  TRIAL 
OF  THE  LT-7  CHIP-CARRIER.   Lesnaya  Prom.    (1)  :  21-22. 
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Describes  trials  with  a  Soviet  tipping  semitrailer  having  a  load 
capacity  of  11.5  metric  tons  (36.2  cu.m.). 

FLAKING 

Lut2,  J.  F.,  Heebink,  B.  G.,  Panzer,  H.  R.,  and  others.  1969. 
SURFACING  SOFTWOOD  DIMENSION  LUMBER  TO  PRODUCE 
GOOD    SURFACES    AND    HIGH    VALUE    FLAKES.    Forest    Prod.    J. 

19(2):  45-51. 

Four  types  of  cutting  methods  were  evaluated  as  means  of 
blanking  softwood  dimension  lumber  while  simultaneously  pro- 
ducing flakes  for  particleboard.  Methods  included  a  simulated 
planer  head,  a  disk  flaker,  and  an  experimental  blanker 
equipped  with  a  single  knife  and  a  three-stepped  knife.    In 


Douglas-fir,  flakes  were  stronger  and  less  curled  when  cut 
with  the  experimental  blanker  and  the  disk  flaker,  although 
the  planer-head  method  produced  slightly  less  fines  and  yielded 
smoother  surfaces  on  the  blanks.  The  flakes  from  the  experi- 
mental blanker  and  the  disk  flaker  were  similar  in  dimensions 
and  appearance,  and  yielded  boards  of  equal  dimensional  sta- 
bility and  strength.  Boards  made  from  planer  shavings  had 
greater  linear  movement  and  less  strength  in  bending  than  did 
boards   made  from   flakes. 

GRINDING 

No  articles  found. 


DEFIBRATING 


Anonymous.  1968.  (Chipping,  Flaking,  and  Grinding;  Chip- 
ping Headrigs  and  Edgers) 

Anonymous.  1968.  MAKING  REFINER  GROUNDWOOD  IN 
CANADA,  U.  S.  A.,  AND  EUROPE.  Can.  Pulp  and  Pap.  Ind. 
21(6):  58-59. 

Briefly  describes  five  refiner  groundwood  mills  in  Canada,  the 
United  States,  and  Europe. 

Allan,  R.  S.,  Skeet,  C.  W.,  and  Forgacs,  O.  L.  1968.  REFINER 
GHOUNDWOOD  FROM  DECIDUOUS  SPECIES.  Pulp  and  Pap.  Mag. 
Can.  69(18):  74-80. 

A  modified  412  Bauer  double-disk  refiner,  a  Bauer  560-GS 
Impressafiner,  and  supplementary  feeding  and  stock-collecting 
equipment  were  used  to  explore  the  mechanical  pulping  po- 
tential of  several  hardwoods  (trembling  aspen,  red  maple, 
white  and  yellow  birch,  and  sugar  maple).  Experiments  were 
limited  to  direct  chip  refining  and  refining  after  mild  pretreat- 
ment  in  the  Impressafiner.  the  properties  of  newsprint  ground- 
wood  from  spruce  were  taken  as  target  quality.  Aspen  was 
the  only  species  that  could  be  pulped  to  reasonable  strengths 
and  freenesses  by  direct  reduction.  The  addition  of  sodium 
hydroxide  to  either  the  feed  or  the  expansion  chamber  of 
the  Impressafiner  increased  pulp  strengths  for  all  species,  al- 
though it  was  not  possible  to  reach  target  strength  with  the 
maple  chips.  Brightness  was  reduced  in  all  cases  when  the 
caustic  was  added  to  the  expansion  chamber.  With  aspen  and 
white  birch,  brightness  in  the  54  to  58  point  range  could  be 
obtained  by  adding  sodium  sulphite  to  the  impregnation  liquor. 
The  brightness  of  yellow  birch  and  the  maples  was  about 
10  to  15  points  below  this  level,  and  the  pulps  would  have 
required  bleaching  to  be  acceptable  for  newsprint.  The  refin- 
ing energy  required  for  a  given  freeness  level  could  be  reduced 
by  using  fine  rather  than  coarse  plates,  and  there  were  indica- 
tions that  further  reductions  could  have  been  attained  by  in- 
creasing peripheral  disk  speeds  in  the  second  stage  of  refining. 
Impregnation  with  2-percent  cold  soda  (ovendry  basis)  re- 
duced the  energy  requirements  at  a  given  freeness  level  and 
improved  the  bonding  efficiency  of  the  available  fiber  surface. 
At  constant  refining  energy,  weight  average  fiber  length 
(L  value)  was  decreased  by  the  use  of  fine  plates  but  increased 
as  a  result  of  sodium  hydroxide  impregnation,  indicating  less 
failure  across  the  cell  wall.  The  authors  suggest  that  the 
strength  properties  of  the  green  wood  may  have  an  important 
bearing  on  the  level  of  chemical  treatment  and  refining  energy. 

Asselin,    A.       1969-      GROUNDWOOD    PRODUCTION    WITH    THE 


NEW  CONTROLLED  DEPTH  BURR.  Pulp  and  Pap.  Mag.  Can.: 
70(C):    151-152. 

Recently  developed  burrs  for  dressing  groundwood  pulp  stones 
maintain  a  constant  depth  of  penetration,  thus  producing  the 
same  land  area  from  one  pulpstone  sharpening  to  the  next. 
The  burrs  have  a  tooth  length  one-third  to  one-half  that  of 
standard  burrs  and  limit  penetration  of  teeth  to  the  average 
pattern  depth  used  in  groundwood  manufacture.  Industrial  tests 
indicated  that  sharpening  was  easier  than  with  conventional 
burrs,  fewer  sharpenings  were  required,  and  costs  were  lower. 

Beloit  Corp.     1968.      (Patents) 

Braun,  R.  V.,  and  Davis,  J.  W.     1969.     PRINTABILITY  and 

STRENGTH  QUALITIES  OF  REFINER  GROUNDWOOD  AS  RELATED 

TO  WOOD  SPECIES.  TAPPI  52:  282-288. 
Stone  and  refiner  groundwoods  were  prepared  from  red  ana 
white  fir,  Douglas-fir,  incense-cedar,  ivhite  spruce,  sugar,  pon-l 
derosa,  and  southern  pine,  and  their  properties  evaluated.  Poplai 
stone  groundwood  was  used  as  a  reference.  The  refiner  ground- 
woods  were  generally  superior  to  stone  groundwoods  it. 
strengths  (especially  tear),  but  inferior  in  printability .  Print  \ 
ability  appeared  related  to  fiber  coarseness,  fiber  size,  cell 
wall  thickness,  and  the  proportion  of  coarse  fraction  in  thi 
pulps  (-\-28  and  +48  fractions).  Removal  of  these  fraction, 
improved  the  printing  properties  of  coated  handsheets.  South 
em  pine  had  improved  strength  (especially  tear)  at  highe: 
refining  consistencies,  while  printability  was  improved  b[ 
controlling  the  coarse  fraction  and  refining  to  lower  freeness 
Poor  printability  may  be  magnified  in  refiner  groundwood 
from  species  containing  coarse  fibers  or  high  percentages  o, 
summerwood. 

Eberhardt,  L.  1968.  HI-YIELD  AND  MECHANICAL  TYPJ 
PULP  FROM  RAW  MATERIALS  OF  INDIA.  Indian  Pulp  am 
Pap.  23(1):   49-51. 

Tabulates  and  discusses  the  suitability  of  various  Indian  species 
including  tropical  hardwoods,  eucalyptus,  and  bamboo,  for  high 
yield  and  refiner  groundwood  pulping. 

Fuentes,  E.  F.  1968.  MANUFACTURE  OF  CHIP  GROUND 
WOOD.    ATCP  8(5):   375-381. 

The  refiner  groundwood  process  is  reviewed  in  some  detail 
Aspects  considered  include  its  advantages  over  conventions 
stone  groundwood,  use  of  chip  pretreatments  ("Pressafiner 
or  "Impressafiner"),  operating  characteristics  and  arrangemen 
of  disk  refiners,  stock  consistency,  refining  action  on  chip, 
energy   consumption,   and   economics   on   the   process. 
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Giese,  E.  1968.  basic  knowledge  for  the  manufac- 
ture   OF    MECHANICAL    WOOD    PULPS.      Papier    22(10A): 

721-726. 

Groundwood  pulps  often  differ  markedly  in  physical  properties, 
depending  on  length  of  storage,  density,  temperature,  and  the 
conditions  of  sheet  formation.  These  differences  are  attributed 
to  the  "latency  phenomena."  The  author  indicates  that,  to  a 
marked  degree,  the  effects  of  latency  may  he  manipulated  in 
the  course  of  producing  mechanical  pulps,  and  methods  for 
recovering  latent  strength  are  discussed.  By  applying  the  Atack- 
Pye  concepts,  the  author  shows  the  similarity  in  behavior  be- 
tween commercial  groundwood  and  mechanical  pulps  made  in 
the  laboratory.  He  also  attempts  to  derive  a  common  theory 
covering    defibration    by    grinding    and    by    refining. 

Guha,  S.  R.  D.,  Dhoundiyal,  S.  N.,  and  Mathur,  G.  M.  1968. 
MECHANICAL  PULPS  FOR  NEWSPRINT  GRADE  PAPERS  FROM 
MORINGA  PTERYGOSPERMA  (M.  OLEIFERA).  Indian  Forest. 
94(8):  635-638. 

The  wood  of  M.  oleifera  makes  a  good  mechanical  pulp  (light 
color  and  low  density)  but  develops  deep  grey  patches  when 
stored.  If  logs  are  processed  immediately  after  felling,  bleach- 
ing of  the  pulp  is  unnecessary. 

Hatton,  J.  V.  1968.  EFFECT  OF  OUTSIDE  CHIP  STORAGE 
ON    REFINER    GROUNDWOOD    PULP    BRIGHTNESS.      Can.    Dep. 

Forest.  Bimo.  Res.  Notes  24(6):  48-49- 

Brightness  loss  in  lodgepole  pine  refiner  groundwood  was  as 
much  as  12  to  18  points  (Elrepho  brightness)  for  chips  stored 
3  months,  but  much  of  the  loss  occurred  during  the  first 
\month.  Losses  in  both  lodgepole  pine  and  white  spruce  refiner 
\groundwood  ivere  positively  correlated  (to  some  degree)  with 
'the  maximum  temperatures  recorded  in  the  chip  pile.  The 
\author  recommends  that  chips  be  processed  with  a  minimum 
of  delay. 

IHolokiz,  H.  1968.  EFFECT  OF  CHIP  SIZE  ON  WOOD  FIBRE 
PULP    AND    PROPERTIES    OF    HARDBOARD.      APPITA     21(6): 

196-206. 

'Part  1  of  this  paper  describes  development  of  a  test  for  analysis 
of  pulp  chips;  chips  were  sorted  through  screens  of  five  sizes 
•find  length  of  chips  along  the  grain  was  measured  for  each 
fraction.  Part  II  reports  an  attempt  to  relate  chip  size  (as  deter- 
mined by  the  screening  procedure)  to  pulp  quality,  yield,  and 
.properties  of  hardboard  produced  by  the  Mason  gun  process. 
■As  chips  (regardless  of  uniformity)  became  smaller  the  pulp 
contained  more  fines,  was  easier  to  compress,  and  contained 
more  water-soluble  constituents.  The  yield  of  fibers  and  the 
dimensional  stability  of  boards  were  lowered  by  a  reduction 

In  chip  size,    but   modulus    of   rupture   increased    (except   for 
'ery  small  chips). 

[ohnsson,    G.     1968.     NINE    GRINDERS    GET    COMPLETE    NEW 

.-OADING  SYSTEM.    Pulp  and  Pap.    42(31):   20-21. 
describes  a  new  loading  system  for  the  nine  grinders  at  the 
lowaters  Svenska  Tramassefabriker  AB.   groundwood   mill  at 
]mea,  Sweden. 


'ones,  H.  W.  H.  1968.  CONSOLIDATED-BATHURST  EXPERI- 
vIENTAL  REFINED  WOOD  PLANT — A   PROGRESS  REPORT.     Pulp 

Ud  Pap.  Mag.  Can.  69(16):  51-52. 

in  experimental  plant  has  been  built  for  investigating  vari- 
ables in  making  refiner  groundwood  from  both  softwoods  and 
hardwoods.  The  installation  has  two  refiners  with  4,000-hp. 
notors,   screening    and   cleaning    equipment,    chip    pretreating 


facilities  (steaming  and  shredding),  a  pneumatic  chip  blower, 
and  a  variety   of   instrumentation. 

Jones  and  Helleur.     1968.      (Patents) 

Jones  and  Helleur.     1968.      (Patents) 

Leask.  1968.  (Reports  of  Research  Programs  and  Industrial 
Developments) 

McMillin,  C.  W.  1968.  FIBERBOARDS  FROM  LOBLOLLY 
PINE  REFINER  GROUNDWOOD :  EFFECTS  OF  GROSS  WOOD  CHAR- 
ACTERISTICS and  BOARD  DENSITY.  Forest  Prod.  J.  18(8): 
51-59. 

The  gross  wood  properties  of  specific  gravity,  proportion  of 
latewood,  and  growth  rate  affected  the  strengths  of  fiberboards 
in  tension  and  bending,  as  well  as  their  dimensional  stability. 
For  the  refining  conditions  and  formation  procedures  studied, 
and  after  allowance  for  the  effect  of  board  specific  gravity,  most 
properties  were  improved  by  using  fiber  refined  from  dense 
wood  having  low  latewood  content.  This  article  is  the  first  of  a 
series  of  two:  see  the  third  abstract  following. 

McMillin,  C.  W.  1968.  GROSS  WOOD  CHARACTERISTICS 
AFFECTING  PROPERTIES  OF  HANDSHEETS  MADE  FROM  LOB- 
LOLLY  PINE   REFINER   GROUNDWOOD.     TAPPI    51:    51-56. 

Discusses  interrelationships  between  certain  gross  wood  char- 
acteristics, refining  energy,  and  the  physical  properties  of 
handsheets  with  the  objective  of  developing  criteria  useful  in 
controlling  the  papermaking  potential  of  refiner  groundwood 
from  loblolly  pine.  Wood  having  two  specific  gravities  (less 
than  0.49  and  more  than  0.49)  and  two  growth  rates  (less 
than  6  and  more  than  6  rings  per  inch)  at  each  of  three  radial 
positions  in  the  stem  (0  to  10,  11  to  20,  and  20  to  30 
rings  from  the  pith)  was  selected,  chipped,  and  then  double- 
disk  refined  at  two  specific  refining  energies.  After  handsheets 
were  prepared  from  the  pulps,  the  specific  gravity  of  extracted 
and  unextracted  wood,  growth  rate  in  rings  per  inch,  and 
proportion  of  latewood  were  correlated  with  sheet  density, 
burst  factor,  tear  factor,  and  breaking  length.  Specific  refin- 
ing energy  and  gross  wood  properties  accounted  for  as  much 
as  90  percent  of  the  total  variation  in  strength  of  handsheets. 
Burst,  tear,  and  breaking  length  were  increased  by  applying 
high  refining  energy  and  using  fast-grown  wood  with  a  high 
proportion  of  latewood  and  relatively  low  specific  gravity. 
Only  high  refining  energy  and  a  high  proportion  of  latewood 
were  required  to  increase  sheet  density.  Because  the  latewood 
content  of  loblolly  pine  typically  increases  with  increasing 
rings  from  the  pith,  it  is  surmised  that  chips  obtained  from 
slabs  and  edgings  of  large  logs  would  yield  sheets  stronger 
than  those  made  from  chips  obtained  from  veneer  cores.  This 
article  is  the  first  of  a  series  of  four;  abstracts  of  the  three 
other  articles  follow. 

McMillin,  C.  W.  1969.  ASPECTS  OF  FIBER  MORPHOLOGY 
AFFECTING  PROPERTIES  OF  HANDSHEETS  MADE  FROM  LOB- 
LOLLY PINE  REFINER  GROUNDWOOD.  Wood  Sci.  and  Technol. 
3:    139-149. 

Burst,  breaking  length,  and  sheet  density  were  improved  by 
using  fiber  refined  from  wood  having  long,  slender  tracheids 
with  thick  walls.  Only  slender,  thick-walled  tracheids  were 
required  to  improve  tear  factor.  A  theoretical  stress  analysis 
revealed  that  thick-walled  cells  of  small  outside  diameter  fail 
by  diagonal  tension  or  parallel  shear,  depending  on  the  fibril 
angle,  while  under  torsional  stress  during  refining.  Such 
failures  result  in  ribbonlike  fragments  which  research  elsewhere 
has    demonstrated    to    provide    the    coherence    necessary    for 
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strength  development  in  mechanical  pulps.  In  contrast,  thtn- 
walled,  cells  of  small  outside  diameter  fail  by  diagonal  compres- 
sion and  yield  few  ribbons.  Long  fibers  are  more  desirable 
than  short  fibers  because  of  greater  induced  stresses  and  im- 
proved chances  of  axial  alignment  between  the  disks. 

McMillin,  C.  W.     1969.    fiberboards  from  loblolly  pinb 

REFINER  GROUNDWOOD:  ASPECTS  OF  FIBER  MORPHOLOGY. 
Forest   Prod.   J.    19(7):    56-61. 

Most  properties  of  wet-formed  hardboard  were  improved  by 
using  fiber  refined  from  wood  having  short,  slender  tracheids 
with  thin  walls.  A  theoretical  analysis  suggested  that  the 
fibers  fail  in  bending  while  under  stress  induced  by  the  press- 
ing operation.  Such  bending  failures  improve  conditions  for 
hydrogen  bonding,  thus  improving  board  properties.  Tracheids 
having  narrow  diameters  and  thin  walls  flex  easily  and  collapse 
readily.  Short  tracheids  are  more  desirable  than  long  tracheids 
because  of  a  greater  number  of  fiber  crossings  per  unit  weight 
in  the  pulp  mat. 

McMillin,  C.  W.  1969.  QUALITY  OF  REFINER  GROUNDWOOD 
PULP  AS  RELATED  TO  HANDSHEET  PROPERTIES  AND  GROSS 
WOOD  CHARACTERISTICS.  Wood  Sci.  and  Technol.  3 :  287-300. 
Pulp  quality,  in  terms  of  a  fiber  shape  factor  S  and  a  fiber 
length  factor  L,  was  determined  from  96  pulps  disk-refined 
from  chips  of  varying  characteristics.  S  was  evaluated  in  terms 
of  the  Canadian  Standard  Freeness  of  the  48/100  fiber  length 
fraction  and  is  a  parameter  inversely  proportional  to  specific 
surface.  L  is  the  percentage,  by  weight,  of  pulp  retained  on 
a  48-mesh  screen  and  reflects  the  distribution  by  weight  of 
fiber  length  in  the  whole  pulp.  S  and  L  accounted  for  as 
much  as  83  percent  of  the  variation  in  handsheet  properties. 
Properties  were  improved  by  using  pulps  displaying  low  values 
of  S  and  relatively  high  values  of  L.  Both  S  and  L  were 
related  to  specific  refining  energy  and  wood  quality.  S  in- 
creased with  increasing  unextracted  chip  specific  gravity  and 
rings  per  inch  of  growth  rate  but  decreased  with  increasing 
latewood  content  and  refining  energy.  L  decreased  with  in- 
creasing refining  energy,  rings  per  inch  of  growth  rate,  and 
unextracted  chip  specific  gravity  but  increased  with  increas- 
ing latewood. 

McMillin,  C.  W.  1969.  WOOD  CHEMICAL  COMPOSITION  AS 
RELATED  TO  PROPERTIES  OF  HANDSHEETS  MADE  FROM  LOB- 
LOLLY pine  REFINER  GROUNDWOOD.  Wood  Sci.  and  Technol. 
3:  232-238. 

Burst  and  tear  strengths  of  handsheets  made  from  48  pulps 
disk-refined  from  chips  of  varying  chemical  composition  de- 
creased with  increasing  extractive  content  after  the  independent 
effects  of  fiber  morphology  were  specified.  This  result  was 
attributed  to  lessened  bond  strength  caused  by  reduced  surface 
tension  forces  and  blocking  of  reactive  sites  on  the  fiber 
surfaces. 

Martin,   A.    C.       1969.      A    STUDY   OF   GRINDER    VARIABLES   AS 

PRODUCTION  IS  INCREASED.   Pulp  and  Pap.  Mag.  Can.  70(C)  : 

133. 

The  Abitibi  Ste.   Anne  Paper  Company   increased  production 

of  its  No.  7  line  from  18.4  to  29.8  cunits  per  day  by  turning 

80-inch  diameter  stones  (sharpened  with  standard  12   X    IV2 

burrs)  at  257  r.p.m. 

Marton,  R.,  and  Robie,  J.  D.  1969-  CHARACTERIZATION  OF 
MECHANICAL  PULPS  BY  A  SETTLING  TECHNIQUE.  TAPPI 
52:    2400-2405. 

The  settling  velocity  of  particles  from  pulp  suspensions  was 
investigated  as  a  possible  means  of  describing  their  shape  and 


size.    The  influences  of  experimental  conditions  on  the  reprt 
ducibility  and  sensitivity  of  the  method  were  considered.  Tk 
settling  rate  was  highly  dependent  upon  coarseness  and  specif  \ 
surface   area,   and   somewhat   less   dependent   on   fiber   lengt, 
Physical   properties    of    handsheets   prepared   from    the    pul\  { 
were  correlated  with  the  variations  in  settling  rate  of  30  stot^ 
and  refiner  groundwoods  and  their  fractions.    The  relationshi 
between  freeness  and  settling  rate,  and  the  relationship  betwet 
mechanical  properties  and  settling  rate,  differed  for  stone  at 
refiner  groundwoods.    The  settling-rate  test  gave  informatic 
that  was  not  evident  from  freeness  results  alone. 

Montmorency   de.    1969.    (Chipping,    Flaking,   and    Grindin 
Chipping) 

Morkved,  L.,  and  Larson,  P.     1969.     REFINER  groundwoo  i 
TAPPI   52:    1465-1467. 

Describes  startup  and  operation  of  a  refiner  groundwood  m 
having  three  identical  refiner  lines  followed  by  three  scrcenin 
cleaning,  and  deckering  systems.  Each  refiner  line  consists 
three  4,000  hp.  (0.8  power  factor)  Bauer  480  refiners  arrang 
in  series.  The  chip  feed  rate  to  the  first-stage  refiner  is  manuai 
adjusted,  while  the  second  and  third  stages  are  automatica. 
controlled  by  the  pulp  weight  in  the  preceding  stage  sun, 
The  pulp  has  run  well  on  the  paper  machine,  producing 
smooth,  clean,  and  strong  sheet.  The  newsprint  sheet  has  be 
well  received  by  both  letterpress  and  offset  printers.  Some  di 
comparing  stone  and  refiner  groundwood  pulps  are  a, 
presented. 

Nystrom,  E.  W.,  and  Okell,  R.  H.  1969-  SAWDUST  REFH 
ING  AT  CROFTON.  Pulp  and  Pap.  Mag.  Can.  70(7)  :  83-! 
Pulps  refined  from  western  hemlock  sawdust  were  compara 
to  pulps  obtained  from  stone  groundwood.  Sawdust  could 
stored  for  as  long  as  10  days  without  increasing  brighten; 
costs.  When  Bauer  480  machines  were  operated  in  ser  I 
refining  sawdust  in  three  stages  was  superior  to  tuo-st, 
refining. 

Ohnishi,  K.,  Awaya,   S.,  and   Egawa,  K.      1968.     HARDWC  \ 
REFINER     GROUNDWOOD     AS     A     NEWSPRINT     FURNISH     CC I 

PONENT.  Pulp  and  Pap.  Mag.  Can.  69(19)  :  79-83. 
The  Oji  Paper  Company,  Tokyo,  Japan,  is  currently  mak  l 
newsprint  with  more  than  50-percent  hardwood  pulp  obtai 
from  a  mixture  of  refiner  groundwood,  chemi-mechanical,  ,  j 
semi-chemical  pulps.    Although  hardwood  refiner  groundw 
was    inferior    to    softwood    stone    groundwood    in    hands)  t 
strength    tests,    it    was    equal    in    tests    of    pressroom    pi 
strength    and    machine    runability.     An    attempt    is    made  I 
explain  this  result  in  terms  of:  (1)  releasability  from  the  p  I 
roll;  (2)  stress-strain  behavior  of  the  wet  and  dry  sheet;    \ 
(3)    relationship    between    dry    sheet    strength    and    wet 
elongation. 

Olsen,  W.  W.  1969.  HIGH-PRODUCTION  GRINDING  BY 
LESS  AND  CONVENTIONAL  TECHNIQUES.  TAPPI  52:  293-!  ]• 
When  compared  to  conventional  grinding  at  the  same  sp  ' , 
pitless  grinding  of  various  pines  resulted  in  steadier  load  a\  I 
cation  and  slightly  improved  quality  at  somewhat  lower  pc  t 
consumption.  Grinding  at  375,  363,  300,  and  250  r. 
(by  both  pitless  and  conventional  methods)  showed  thai 
the  higher  speeds,  greater  power  utilization  per  stone 
possible  and  production  rates  as  high  as  112  air-dry  tons 
24  hours  could  be  achieved  on  grinders  producing  53  ah 
tons  by  conventional  methods.  A  satisfactory  balanu  / 
quality  and  production  was  achieved.  For  example,  at  0 
r.p.m.,  grinders  showed  an  increase  of  30  percent  in  pre  r- 
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tion  ivhile  burst  and  tear  were  reduced  2  and  9  percent 
respectively.  The  quality  of  groundwood  produced  at  high 
load  and  high  speed  was  very  sensitive  to  the  frequency  of 
sharpening  and  to  the  binding  effect  of  pitch  deposits  on 
the  stone  surface.  For  both  slow  and  fast  speeds,  brightness 
gradually  dropped  as  frequency  of  sharpening  was  reduced, 
but  this  effect  was  offset  by  the  improved  pulp  obtained 
with  the  longer  sharpening  cycles.  Trials  with  a  stone  of 
different  composition  reduced  the  sharpening  frequency  and 
increased  the  -\-28  fraction,  burst  factor,  and  tear  factor 
while  still  maintaining  a  high  production  rate.  The  effects 
on  newsprint  quality  were  also  beneficial,  and  significant  in- 
creases in  printability ,  ink  transfer,  and  show-through  have 
been  demonstrated  on  a  laboratory  proof  press  for  the  high- 
speed pitless   groundwood. 

Packman,  D.  F.  1967.  PULPING  OF  BRITISH-GROWN  SOFT- 
WOODS.  V.   DISC  REFINING   OF  CHIPS   FROM   VARIOUS   SPECIES. 

Pap.   Techno!.   8(4):    339-340. 

Groundwood  pulp  was  made  on  a  laboratory  refiner  from 
chips  of  British-grown  Sitka  spruce,  Scotch  pine,  Douglas-fir, 
grand  fir,  western  hemlock,  and  Japanese  larch.  Pulp  suitable 
for  the  manufacture  of  high-grade  folding  boxboard  was  pro- 
duced from  mixtures  of  the  chips.  Considerable  variation  in 
composition  of  the  mixture  could  be  tolerated  without  sub- 
stantial loss  of  quality  in  the  product. 

iPeakes,  D.  E.  1969.  CHARACTERIZATION  OF  PUBLICATION- 
GRADE  STONE  GROUNDWOOD.  TAPPI  52:  64-67. 
Magazine-paper  groundwood  pulps  made  on  three  commercial 
grinders  were  sampled  over  a  3-month  period  and  their  length 
(L)  and  shape  (S)  factors  were  determined  by  the  method 
of  Forgacs.  L  was  highly  correlated  with  freeness,  strength, 
\optical  properties,  calendared  sheet  smoothness,  and  print 
grating;  the  coefficients  of  determination  (r  values)  ranged 
xfrom  0.73  to  0.95.  S  had  low  correlation  with  all  properties 
[except  breaking  length  (r  =  0.66).  Multiple  regression  analy- 
sis, including  both  L  and  S,  on  the  response  variables  improved 
hhe  fit  slightly. 

Polcin,  J.,  Wayman  M.,  Anderson,  C.  B.,  and  Rapson,  W.  H. 
»1969.  SAPWOOD  AND  HEARTWOOD  GROUNDWOOD  OF  WEST- 
ERN HEMLOCK   AND  JACK   PINE.     I.   INFLUENCE   OF   EXTRAC- 

ITTVES  ON  optical  PROPERTIES.  Pulp  and  Pap.  Mag.  Can. 
*70(21):  91-98. 

{the  removal  of  extractives  from  groundivood  pulps  of  west- 
tern  hemlock  and  jack  pine  heartwood  and  sapwood  moderately 
■improved  the  brightness  and  spectral  reflectivity  in  the  total 
(visible  region  and  the  optical  stability  towards  thermal  aging. 
Pulps  of  jack  pine  heartwood  showed  the  highest  color  re- 
version by  the  thermal  aging  treatment.  Improvement  in 
brightness  and  color  reversion  by  the  EDTA  treatment  was 
attributed  mainly  to  the  removal  of  metallic  cations.  Infrared 
and  ultraviolet  spectroscopy  indicated  that  the  main  components 
of  the  ethanol-benzene  extracts  of  western  hemlock  ground- 
wood  were  lignins,  fats,  and  some  resin  acids.  The  components 
of  the  ethanol-benzene  extracts  of  jack  pine  groundwood  were 
resin  acids,  fats,  and  only  a  very  small  amount  of  phenolic 
compounds.  The  removal  of  extractives  soluble  in  ethanoU 
benzene  (1:2)  mixture  did  not  improve  the  color  of  pulps, 
but  improved  the  stability  towards  thermal  aging,  especially 
'»  jack  pine  heartwood.  It  thus  appeared  that  the  resins,  like 
t>benolic  compounds,  have  some  effect  on  the  color  reversion 
if  groundwood.  Acetone-water  (1:1)  extraction  of  ground- 
ood  pulps  pre-extracted  with  ethanol-benzene  removed  poly- 


phenols, lignins,  and  some  low-molecular  fraction  of  lignin- 
like  compounds.  Because  these  substances  (especially  in  a  poly- 
meric form)  are  colored,  acetone-water  extraction  slightly  im- 
proved the  brightness  and  spectral  reflectivity  in  the  whole 
visible  region.  Stability  towards  thermal  aging  was  also  im- 
proved. 

Scoble,  F.  J.,  and  Greener,  A.  A.  1968.  THE  MANUFAC- 
TURE  OF  REFINER   GROUNDWOOD   FOR  CARTON   BOARD.     Pulp 

and  Pap.  Mag.  Can.  69(20):   73-79. 

Thames  Board  Mills  Ltd.  at  Workington,  Cumberland,  Eng- 
land, produces  refiner  groundwood  from  softwood  thinnings. 
About  65  percent  Norway  and  Sitka  spruce,  15  percent  larch, 
and  20  percent  Scotch  pine  and  Douglas-fir  are  used  to 
manufacture  a  duplex  folding  boxboard  comprised  of  a 
bleached  pulp  liner  (coated  or  uncoated)  with  filler  and  backs 
of  groundwood.  The  advantages  of  refiner  groundwood  are 
claimed  to  outweigh  the  higher  power  costs.  The  stock  prep- 
aration system  includes  two  identical  lines,  each  having  two 
2,000-hp.  Vertifiners  in  series  followed  by  conventional  screens 
and  centricleaners. 

Service,  G.  1967.  PRODUCTION  OF  REFINER  GROUNDWOOD 
FROM  WEST  COAST  SAWDUST.  Pap.  Trade  J.  151(21)  :  40-43. 
Reports  on  handling,  storage,  and  treatment  processes  at 
MacMillan  Bloedel  Ltd.  Four  Bauer  double-disk  refiners  pro- 
duced 90  ovendry  tons  per  day  of  groundwood  pulp  from 
material  originating  at  gangsaws  and  edgers — mostly  full- 
length  fibers  and  small  chips.  Pulp  from  Douglas-fir  was 
inferior  in  all  respects  to  that  from  hemlock. 

Trevelyan,  B.  J.  1969-  MECHANICAL  PULPING  OF  SOUTH- 
ERN pine  WOOD.  Forest  Prod.  J.  19(1):  29-38. 
Three  charcteristics  of  the  southern  pines — high  latewood 
content,  high  resin  content,  and  susceptibility  to  blue  stain — 
have  been  the  source  of  major  difficulties  in  attempts  to  make 
satisfactory  groundivood  pulp.  The  paper  reviews  the  30-year 
history  of  newsprint  production  in  the  South,  placing  special 
emphasis  on  the  techniques  employed  by  industry  to  overcome 
these  problems.  Modern  operating  practices  are  discussed,  and 
opportunities  for  future  improvements  are  presented.  The 
author  suggests  that  disk  refining  offers  considerable  potential 
for  improving  the  properties  of  mechanical  pulps  from  south- 
ern pine.  Current  statistics  on  U.S.  groundivood  production 
indicate  that  over  half  the  expansion  in  the  newsprint  industry 
is  taking  place  in  the  South. 

Ullman,  U.  1969.  GROUNDWOOD  QUALITY  CONTROL — COR- 
RELATION   OF    PAPER    PROPERTIES    WITH    PULP    PROPERTIES. 

TAPPI    52:    834-838. 

Underhay,  G.  F.  1968.  MECHANICAL  PULP — THE  NEGLECT- 
ED gold  mine.  TAPPI  51(9):  39A-48A. 
Increased  use  of  mechanical  pulp,  especially  for  newsprint, 
would  cut  costs,  utilize  timber  more  efficiently,  minimize 
effluent  problems,  and  improve  sheet  properties.  Commercial 
mill  runs  have  demonstrated  that  additions  of  chemical  pulp 
are  unnecessary.  Moreover,  experiments  on  both  sides  of  the 
Atlantic  show  promise  for  extending  mechanical  pulp  to  maga- 
zine and  other  paper  grades,  but  a  critical  evaluation  of  test 
methods  and  closer  control  of  machine  operating  variables  will 
be  needed  to  prevent  losses  in  efficiency  when  using  furnishes 
with  high  mechanical  pulp  contents.  Rapid  advances  may  be 
expected  when  a  nondelignifying  bleaching  process  has  been 
developed  for  improving  the  brightness  and  photostability 
(yellowing  resistance)  of  mechanical  pulps. 
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Vecchi,  E.  1969.  quality  control  of  poplar  ground- 
wood:  FACTORS  RELATED  TO  THE  STRUCTURAL  COMPOSITION 
OF  the  pulp.    TAPPI  52:  2390-2399. 

Morphological  analysis  of  poplar  ground-wood  showed  the 
presence  of  several  ribbonlike  fibrous  particles  from  tension 
wood.  The  characteristics  and  properties  of  single  fractions 
obtained  from  a  Bauer-McNett  classification  on  screens  ranging 
from  28-  to  500-mesh  showed  that  each  fraction  influenced 
the  properties  of  the  whole  pulp.   Poplar  groundwoods  did  not 


exhibit  high   mechanical  strength,   but  their  opacity,   porosity , 
bulk,  and  brightness  made  them  suitable  for  printing  paper  , 
Only  two  tests  are  necessary  to  evaluate  pulp  quality:  a  drah 
age    measurement    and    a   Bauer-McNett    classification.     Froi 
the   latter  the  weighted-average   fiber   length   and   the   fibe- 
length  distribution  may  be  calculated.   Regression  analysis  ind^ 
cated  reasonable  correlation  between  the  papermaking  prope< 
ties  of  the  pulps  and  these  variables. 

Yli-Paavola  and  Tampella.     1968.      (Patents) 


PROPERTIES  OF  THE  CUTTING  EDGE  AND  CUTTER 


TOOL  MATERIAL 

Barz.  1968.  (Properties  of  the  Cutting  Edge  and  Cutter; 
Dulling) 

Beck.     1969.      (Sawing;  Sash  Gangsawing) 

Haidt,  H.  1968.  THE  USE  OF  HARDALLOY — TIPPED  CIRCU- 
LAR SAW  BLADES.  Holz  als  Roh-  und  Werkstoff  26:  401-408. 
The  effects  of  sawing  methods,  tooth  shape,  tooth  geometry, 
and  the  number  of  teeth  are  discussed  in  relation  to  the  qual- 
ity of  cut.  Other  factors  considered  are  depth  of  cut,  kerf, 
feed  speed,  cutting  speed,  and  protrusion  of  the  blade.  Power 
requirements  and  general  operating  instructions  are  also  given. 

Olszewski,  J.  1967.  TRIAL  IN  THE  USE  OF  CERAMICS  FOR 
(THE   TEETH    OF)     CIRCULAR    SAWS    FOR    CUTTING    PARTICLE 

BOARDS.  Zeszyty  Nauk.  Szkola  Glowna  Gosp.  Wiejskiego 
(1):  71-94.    Warsaw. 

Yamaguchi,    K.       1967.      ELECTROARC    DEPOSITING    OF    HARD 

METAL  ON  SAW  TOOTH.  In  Forest  Exp.  Sta.  Bull.  200,  pp. 
212-226.    Meguro,  Tokyo. 

Seven  materials  were  tested  for  hardening  the  teeth  of  band- 
saws.  JSE  3A  (83  to  89  percent  tungsten,  5  to  8  percent 
cobalt,  5  to  6  percent  carbon)  and  JEC  4A  (unspecified)  gave 
smooth  surfaces  and  were  deposited  with  ease.  Stellite  gave 
a  rough   surface  and  was   difficult   to   deposit. 

DULLING 

Barz,  E.  1967.  prolonging  the  working  life  of  wood- 
working TOOLS  BY  REDUCING  WEAR  ON  BACK  SURFACES.  In 
IUFRO  Congr.  Proc.  1967,  Vol.  8,  Sect.  32,  18  pp.  Munich. 
When   highly  abrasive   materials   were   being   cut,    chromium 
plating  proved  best  of  various  treatments. 

Barz,  E.  1968.  LENGTHENING  THE  CUTTING  LIFE  OF  WOOD- 
WORKING TOOLS  BY  HARD  CHROMING.  Bois  Forets  Trop.  118: 
56-62. 

After  preliminary  treatment,  unalloyed,  light-alloy,  and  high- 
speed steel  were  suitable  for  hard-chromium  plating.  Hard- 
chromium  plating  is  recommended  for  woodworking  tools 
sharpened  only  at  the  face  or  back,  or  if  tipping  with  carbide 
is  unsuitable.  When  chromium-plated  knives  were  sharpened 
only  on  the  front  face,  a  self-sharpening  effect  prolonged 
service  life.  The  improved  wear  of  chromium  plated  tools 
was  attributed  to  reduced  friction  and  chemical  and  electro- 
chemical deterioration. 

Byzov,  V.  I.  1968.  EFFECT  OF  THE  DULLING  OF  FRAME- 
SAW teeth  ON  sawing.    Derev.  Prom.   17(6):    5-8. 

Chardin,  A.,  and  Froidure,  J.  1967-1968.  THE  WEAR  OF 
SAW    TEETH.     II.    APPLICATION    OF    THE    METHOD    ADOPTED. 


Bois  Forets  Trop.  1967(116):  15-30;  1968(120):  49-65. 
Wear  tests  were  made  with  circular  saws  having  a  sing 
inserted  tooth  but  operated  under  conditions  similar  to  ban 
sawing.  Special  equipment  was  used  to  produce  accurate  ct 
ting  edges  of  high  quality.  Wear  was  evaluated  by  thr 
methods:  the  amount  of  metal  lost  on  the  clearance  fai\ 
profiles  obtained  from  photographic  enlargements;  and  phot 
graphic  comparisons  of  the  tooth  before  and  after  cuttin 
The  force  parallel  to  the  cutting  direction  was  measured  ai 
changes  in  chip  flow  were  observed  by  high-speed  photo 
raphy.  Quality  of  sawn  surfaces  was  evaluated  empirical 
but  the  change  in  the  temperature  of  the  tooth  was  record 
with  microthermocouples.  Techniques  under  developme- 
should  establish  better  correlation  between  results  obtain 
in  the  laboratory  and  the  behavior  of  sawblades  in  industr' 
practice.  Translation  available  from  Commonwealth  Scienti, 
Industrial  Research  Organization  Australian  Transl.  9238,  19( 
14  pp. 

Chardin,  A.,  and  Froidure,  J.     1968.     TESTS  ON  THE  WBb 

OF   SAW  TEETH.     III.   METHOD   OF    PUBLICATION   OF    RESUL 

Bois   Forets  Trop.    122:    41-58. 

Dem'janovskij,    K.    I.      1968.     THE    WEAR    RESISTANCE 
TOOLS   FOR   ROTARY   CUTTING   OF   WOOD.     128    pp.     Mosco 
Izdatel'stvo  'Lesnaja  Promyslennost'. 

McKenzie,  W.   M.,  and   McCombe,   B.   M.    1968.   CORROS:  \ 
wear  OF  VENEER  KNIVES.  Forest  Prod.  J.  18(3)  :  45-46. 
Knife  wear  in  peeling  green  alpine  ash    (Eucalyptus   dele; 
tensis)    was    minimized    by    holding   the    knife   at   a   negai 
potential  of  60  volts  with  respect  to  the  nosebar. 

Pahlitzsch,  G.,  and  Dziobek,  K.      1968.     INVESTIGATIONS 
THE  WEAR  CHARACTERISTICS  OF  A  CUTTING  TOOTH.    Holz  j 
Roh-  und  Werkstoff  26:   162-170. 
Wear  was  investigated  with  an  apparatus  in  which  a  sin,  i 
point  tool  was  used  to  turn  high-density  plywood  (compres 
wood).    The  effects  of  tooth  form,  cutting  angle,  accuracy 
sharpening,   feed   rate,    cutting   forces,   and   edge   temperat  i 
were  related  to  the  quality  of  the  cut  surface  and  tool  w  i 
The  results  are  presented  mainly  in  three-dimensional  gra\ 
Electron   micrographs  illustrate  tool  wear. 

FITTING  AND  SHARPENING 

Anonymous.     1968.     CARE  OF  CUTTERS.    Inform.  Bull.  1  j 

ber  Res.    Develop.  Assoc,  High  Wycombe  I/IB/ 12,   10 

England. 

The  care  of  cutters  of  all  types  used  in  planing  and  mole 

is    considered,    except    cutters    tipped   with    tungsten    carl 

Setting  of  cutters  and  methods  of  minimizing  edge  blun  ij 
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caused  by  wood  extractives  are  mentioned .  The  need  for 
safety  is  stressed.    Books  on  the  subject  are  listed. 

Anonymous.  1968.  THE  MAINTENANCE  OF  SAWS  FOR  CUTTING 
WOOD.  Forest  Prod.  Res.  Lab.  Tech.  Note  30,  9  pp.  Princes 
Risborough,  England. 

Briefly  describes  procedures  for  leveling,  tensioning,  sharpen- 
ing, and  setting  band  and  circular  saws. 

Anonymous.       1969.       ADVANCES  IN  SHARPENING  TECHNIQUES 

FOR  SAWS.    Holz  als  Roh-  und  Werkstoff  27:    119-120. 

Anonymous.      1969-      (Veneer  Cutting) 

Bajkowski,  J.  1967.  distribution  of  stresses  in  frame- 
saw    BLADES     PRE-STRESSED     BY     ROLLING.       Holztechnologie 

8(4):    258-262. 

Describes  the  compressive  stresses  and  compensating  tensile 
stresses  produced  by  rolling  framesaw  blades  at  various  intensi- 
ties. Stress  distributions  leading  to  optimum  rigidity  (slight 
asymmetry  towards  the  back  edge)  are  discussed. 

Bajkowski,  J.  1968.  EFFECT  OF  ROLLER-TENSIONING  OF 
FRAME-SAW  BLADES  ON  THE  INCREASE  IN  RIGIDITY  AND  DIS- 
TRIBUTION OF  INTERNAL  STRESSES.  Zeszyty  Nauk.  Szkola 
Glowna  Gosp.  Wiejskiego  (2):  97-112.  Warsaw. 
Tensioning  should  be  performed  by  rolling  three  parallel  lines 
on  the  saw  blade — one  down  the  center,  the  others  25  mm. 
on  either  side.  The  load  on  the  rolls  should  be  about 
2,000   kg. 

(Barz,  E.,  and  Munz,  U.  V.  1968.  TESTING  AND  DETERMI- 
NATION   OF    THE    SET   AND    STRESS-STATE    IN    CIRCULAR    SAW 

JBLADES  for  WOOD.  Holz  als  Roh-  und  Werkstoff  26:  170-175. 
\Reviews  test  methods  for  determining  the  set  and  state  of 
stress  {tension)  in  circular  saw  blades.  A  testing  machine 
developed  at  the  Institute  for  Tool  Research  at  Remscheid, 
Germany,  is  described.  The  diagrams  produced  by  the  ap- 
paratus give  a  more  precise  indication  of  the  condition  of  the 
saw  than  does  hand  testing;  they  thus  facilitate  the  manufacture 
<pf  accurately  matched  saws  and  evaluation  of  changes  that 
hccur  in  use. 

Bunimovic,  E.  E.  1969-  new  method  of  spring-setting 
the  teeth  of  circular  saws.  Derev.  Prom.  18(1) :  14-16. 
Simultaneously  with  the  bending  of  the  tooth,  a  compressive 
ioad  is  applied  in  a  direction  perpendicular  to  the  blade  sur- 
face at  the  point  of  maximum  stress  concentration.  An  ex- 
perimental machine  for  setting  teeth  in  this  manner  is  de- 
scribed. 

Cowling,  R.  L.,  and  McKenzie,  W.  M.  1969.  LAPPING  OF 
;teel  tools  for  maximum  sharpness.  Wood  Sci.  2:  20-25. 
p  stable  cutting  edge  having  a  radius  of  about  0.2  um  was 
~>roduced   on   tool  steel   with   2   percent   carbon   and    12   per- 

ent  chromium.  Methods  for  sharpening  and  measuring  sharp- 
ness, and  the  influence  of  materials  and  techniques  on  initial 
barpness,    are    discussed. 

)em'janovskij,  K.  I.,  Pinezskij,  D.  I.,  and  Terent'eva,  G.  J. 
968.      INVESTIGATIONS   ON    THE    SHARPENING   OF   CIRCULAR 

aws  for  CROSS-CUTTING  wood.  Derev.  Prom.  17(4)  :  13-15. 
he  bluing  of  teeth  during  sharpening  was  studied  in  relation 
5  the  hardness  and  structural  changes  of  the  metal  in  the 
iscolored  zone.  The  wear  resistance  of  teeth  with  various 
mounts   of  discoloration   is   also   discussed. 

iodin,  V.  1968.  THE  GRINDING  OF  VENEER  KNIVES.  Can. 
)ep.  Forest,  and  Rural  Develop.  Dep.  Pub.   1236,  23  pp. 


Hayashi,  Tochigi,  and  Eguchi.      1969.      (Veneer  Cutting) 
Shanks,    J.    W.       1968.      F.P.R.L.    CONTINUOUS    SIDE    DRESSER. 

Timber    Trades   J.    267(4813):    55,    57. 

Describes  a  simple,  hand-operated  tool  for  side  dressing  wide 
handsaw  teeth.  Tool  requires  less  skill  and  gives  more  uniform 
tooth    widths   than   do   conventional    hand-operated   dressers. 

Sannikov.      1968.      (Research  Instrumentation  and  Techniques) 

STABILITY 

Anonymous.  1967.  NEW  SAWBLADE  TESTING  DEVICE.  Tim- 
ber   Trades   J.    263(4754):    65-66. 

An  electronic  device  manufactured  by  Otto  Jorg  Metallwaren, 
Oberstaufen,  Germany,  automatically  measures  and  records  lat- 
eral deflections  of  handsaw  blades  during  cutting.  It  is 
claimed  that  the  device  will  permit  high  feed  speeds  without 
sacrifice  of  dimensional  accuracy  in  the  sawn  timber. 

Grube,  A.  E.,  Sanev,  V.  I.,  and  Paskov,  V.  K.  1967  AUTO- 
MATIC REGULATION  OF  TEMPERATURE  STRESS  IN  CIRCULAR 
SAWS.    Derev.  Prom.   16(8):   4-6. 

Describes  various  laboratory  systems  for  automatic  regulation 
of  temperature  stresses,  i.e.,  reduction  of  the  temperature  gradi- 
ent along  the  blade  radius.  These  systems  heat  the  central  part 
of  the  blade  with  friction  blocks  that  are  automatically  brought 
into  contact  when  roller  or  induction  pickups  at  the  blade 
periphery  detect  a  deviation  from  the  normal  position.  In  fac- 
tory trials  it  was  possible  to  use  blades  thinner  than  ordinary, 
and  with  less  spring  set.  Accuracy  and  quality  of  sawing  were 
also  improved. 

Grube,  A.  E.,  Sanev,  V.  I.,  and  Paskov,  V.  K.  1968.  TRANS- 
VERSE   OSCILLATIONS    OF    CIRCULAR    SAWS    FOR    RIP-SAWING 

WOOD.    Les.  Zh.   11(1):   79-83. 

With  untensioned  blades  having  a  thickness-to-diameter  ratio 
of  less  than  0.0036  to  0.0040,  resonant  oscillations  occurred 
in  the  range  of  750  to  3,000  r.p.m.  Increasing  the  diameter 
of  the  saw  collar  and  tensioning  the  blade  center  reduced  the 
frequnecy  and  magnitude  of  the  oscillations. 

Grube,  A.  E.,  Sanev,  V.  I.,  and  Paskov,  V.  K.  1969.  DAMP- 
ING THE  TRANSVERSE  OSCILLATIONS  OF  CIRCULAR  SAWS. 
Lesnaya   Prom.    (2)  :    18-20. 

Hallock.      1968.      (Sawing;    Circular    Sawing) 

Stahiev,  J.  M.  1967.  THE  RIGIDITY  OF  CIRCULAR-SAW  BLADES 
FOR  CUTTING  WOOD.  Les.  Zh.  10(4):  113-115. 
Theoretical  studies  were  made  of  blade  rigidity  for  a  disk 
loaded  by  a  transverse  concentrated  force  at  its  periphery,  i.e., 
for  nonsymmetrical  bending  of  a  thin  round  plate.  The 
rigidity  of  saws  300  to  700  mm.  in  diameter  and  1  to  3  mm. 
thick  was  calculated  for  various  ratios  of  collar  diameter  to 
disk  diameter.  Rigidity  was  a  cubic  function  of  disk  thick- 
ness, whereas  the  stability  of  the  plane  equilibrium  of  the 
disk  (characterized  mainly  by  the  critical  temperature  gradient 
along  the  radius)  was  a  quadratic  function  of  disk  thickness. 
Rigidity  increased  with   increasing  collar  diameter. 

TEMPERATURE 

Cumming,    J.    D.,    and    Gill,    G.    S.     1968.     TEMPERATURE 

GRADIENTS     AND     THERMAL     STRESSES     IN     CIRCULAR     SAWS. 

Wood   Sci.    1(2):    86-92. 

Discusses  circular  saw  instability  in  relation  to  thermal  gradients 
caused  by  energy  dissipated  in  the  cutting  process  and  by  fric- 
tional  rubbing  of  the  saw  against  the  wood.    The  distribution 
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of  temperature  in  a  rotating  disk  was  measured  and  shown 
to  be  in  reasonable  agreement  with  values  predicted  from 
mathematical  analysis  of  heat  transfer  in  the  plate  and  heat 
convection  through  its  surface  into  the  surrounding  turbulent 
boundary  layer  of  air.  Several  methods  are  suggested  for 
reducing  the  temperature  gradient  between  the  inner  portion 
of   the   saw   and  the   outer   rim. 

Okushima,  S.,  Sugihara,  H.,  and  Umemoto,  M.  1969.  TEM- 
PERATURE OF  CUTTER-CUSP  IN  WOOD  CUTTING  J.  Jap.  Wood 
Res.   Soc.    15(5):    197-202. 

The  distribution  of  temperature  in  the  neighborhood  of  a 
cutter  edge  was  measured  with  an  infrared  radiometric  micro- 
scope. Temperature  2  mm.  from  the  cusp  became  constant 
(approximately  400°  C.)  after  an  edge  without  set  had  cut 
400  cm.  of  wood  38  mm.  thick  at  a  feed  speed  of  10  m.  per 
minute.    The  temperature  of  a  tooth   without  set  was  greater 


than  that  of  a  tooth  with  set.  Temperature  increased  wit 
increasing  cutting  and  feed  speeds.  High  temperatures  rapidt 
reduced  surface   hardness   at   the   cutting   edge. 

Tverdynina,     M.     M.     1967.     CRITICAL     TEMPERATURES     C 

CIRCULAR   SAWS.    Les.  Zh.    10(5):    116-121. 

Some   results   from   theoretical  studies   still   in   progress. 

FRICTION 

McKenzie,  W.  M.  1967.  FRICTION  IN  WOOD  CUTTIN 
Forest  Prod.  J.    17(11):   38-43. 

The  effects  of  such  cutting  variables  as  pressure,  contact  are 
sliding  speed,   surface  roughness   of  tool,  wood  species,   gra,  i 
direction,  and  moisture  content  are  briefly  discussed  (detaih  j 
results  are    to  be  published  later).   The  author  reviews  previa;  I 
analyses   of  friction  in   wood  cutting. 

McKenzie  and  Karpovich.      1968.      (Properties  of  Wood) 


RESEARCH  INSTRUMENTATION  AND  TECHNIQUES 


Anonymous.  1967.  (Properties  of  the  Cutting  Edge  and 
Cutter;    Stability) 

Anonymous.    1968.    BAND  SAWS  PHOTOGRAPHED.   Forest  Ind. 

95(3):    104-105. 

High-speed  photographs  helped  in  solving  sawing  problems. 

Barz  and  Munz.  1968.  (Properties  of  the  Cutting  Edge  and 
Cutter;    Fitting   and   Sharpening) 

Cowling  and  McKenzie.  1969.  (Properties  of  the  Cuming 
Edge  and  Cutter;   Fitting  and  Sharpening) 

Hefty,  F.  V.,  and  Brooks,  J.  F.     1968.     PORTABLE  APPARATUS 

FOR  MEASURING  SURFACE  IRREGULARITIES  IN  PANEL  PROD- 
UCTS. USDA  Forest  Serv.  Res.  Note  FPL-0192,  3  pp.  Forest 
Prod.  Lab.,  Madison,  Wis. 

Describes  an  apparatus  for  measuring  vertical  deformations 
on  wood  surfaces  by  a  shadow-casting  technique.  A  low  angle 
slit  of  bright  light  is  directed  at  two  wires  to  cast  sharply 
defined  shadows  on  the  surface.  The  shadows,  viewed  perpen- 
dicular to  the  surface,  provide  a  magnified  picture  of  the  ver- 
tical distortations  of  the  surface  at  that  point.  A  fixed-focus 
camera  with  a  3-inch,  wide-angle  lens  records  the  surface. 
The  self-contained  apparatus  can  be  used  on  horizontal  or  ver- 
tical surfaces  and  in  any  lighting.  Six  photographs  taken  at 
a  l-to-5  slope  are  presented  to  illustrate  the  sensitivity  and 
application  of  the  instrument. 

Hoadley,  R.  B.  1968.  IMPROVED  TECHNIQUE  FOR  MEASUR- 
ING KNIFE  CHECK  EFFECT  ON  ROLLING   SHEAR.     Forest   Prod. 

J.    18(8):    18-19- 

Describes  a  modification  of  the  standard  glueline  block  shear 
test  used  to  study  rolling  shear  in  veneer.  Sample  preparation 
is  similar  to  that  for  the  standard  glueline  block  shear  test 
(ASTM  D  907-64),  except  that  a  layer  of  veneer  is  placed 
between  two  outer  maple  pieces;  the  grain  of  this  layer  is  per- 
pendicular to  the  direction  of  loading.  Multiple  specimens  may 
be  cut  from  an  assembled  blank  and  then  "notched"  on  diag- 
onally opposite  corners  with  saw  kerfs  extending  through  the 
veneer  layer  to  produce  either  opening  or  closing  of  checks 
during  loading.  When  Vg-inch  veneer  is  being  tested,  loads 
may  be  applied  with  the  standard  ASTM  test  jig. 

Jarrett,  K.  M.       1969.      VIBRATION — THE  KEY  TO  MACHINERY 

CONDITION.    Pulp  and  Pap.  Mag.  Can.  70(C)  :   127. 


Discusses  the  use  of  electronic  vibration  on  analyzers  to  deti 
machine  disorders  as  part  of  a  planned  maintenance  progra. 
By  comparing  the  frequency  and  amplitude  of  machine  vib; 
tions  to  the  pattern  of  vibration  caused  by  known  sourc 
equipment  malfunctions  can  be  detected  far  in  advance  of  t 
usual  danger  signs  of  heat  and  noise.  Disorders  that  can 
detected  include  rotational  imbalance,  mechanical  loo  sent 
misalignment,  and  worn  bearings. 

Ljuboslavsikij,   V.    D.,    and    Jurcisko,    V.    N.    1967.    ELECTA 

DYNAMOMETER    FOR    RECORDING   THE    COMPONENTS    OF    T 

CUTTING     FORCE     IN     ROTARY     CUTTING.      LeS.     Zh.      10(5 1. 

105-110. 

A  description  of  the  dynamometer,  giving  circuit  diagrams  c , 

drawings. 

McKenzie,     W.     M.      1969-      APPLYING     GRID     PATTERNS     I 
WOOD    SURFACES    USING    PHOTOSENSITIVE    LACQUERS.     Foi 

Prod.  J.  19(2):  43-44. 

Describes  a  procedure  for  obtaining  quantitative  data  on  strt 
associated  with  penetration  of  a  cutting  edge  into  wood,    j , 
dry  wood  surface  is  first  sanded  on  a  glass  plate  with  sue, 
sively  finer  carborundum  papers  down  to  600-grit,  then  con 
with  a  thin,  two-part  white  epoxy  paint.    After  it  has  cu 
at   75  to  80°    F.  for   1    week,  the  surface  is  resanded   wit) 
fine   paper   and   a   second   coat    is   applied.     A    photosensi. 
lacquer  is  then  flowed  onto  the  prepared  surface.    After  dry;  i 
a  negative  transparency  having  a  grid  pattern   of  the  dest  1 
mesh  size  is  placed  in  close  contact  with  the  surface  and  ' 
photosensitive    lacquer    exposed    with    a    quartz-iodine    h  \\ 
or  by  sunlight.   Developer  is  then  applied  to  dissolve  unexpc : 
parts  of  the  lacquer;  the  remaining  net  of  lacquer  is  stat  i 
with  a  black  dye  and  the  surface  thoroughly  dried.    Obse 
tion  of  gridline  deformations  during  cutting  are  useful  for 
mating   the    level   and   distribution    of   strains   when    woot 
orthogonally   cut  at  slow  speed. 

Sannikov,   A.    A.     1968.     USE   OF   THE   INA-3    INSTRUM 

FOR  MONITORING  THE  TENSIONING  OF  FRAME  SAWS  ON 
BASIS  OF  THE  FREQUENCY  OF  THEIR  NATURAL  OSCILLATK  1 

Les.  Zh.    11(3):    77-80. 

Schmidt,  R.  E.,  and  Herbert,  R.      1968.     DEVELOPMENT  C  : 
TORSIONAL   DYNAMOMETER.    USDA    Forest   Serv.    Res    1 
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INT-82,  11  pp.  Intermountain  Forest  and  Range  Exp.  Sta., 
Ogden,  Utah. 

Describes  a  photoelectric  torsional  dynamometer  for  measuring 
the  power  requirements  of  rotating  machinery.  The  design  pro- 
vides for  signal  generation  and  transmission  without  physical 
contact  with  the  shaft  (i.e.,  no  slip  rings).  The  dynamometer 
can  measure  r.p.m.,  and  its  load  range  may  be  varied.  It  in- 
corporates a  slender  aluminum  alloy  shaft  mounted  in  its  own 
bearings  and  having  a  10-inch  serrated  disk  affixed  to  each  end. 
The  periphery  of  each  disk  contains  60  evenly  spaced  notches, 
0.25  inch  deep.  The  disks  interrupt  a  light  beam  passing  be- 
tween each  of  two  sets  of  lights  and  photodiodes,  producing 
two  interrupted  light  patterns,  which  are  then  converted  into 
a  d.c.  voltage  pulse.    Angular  displacement  of  one  disk  relative 


to  the  other  produces  a  phase  shift  in  the  pulse  patterns.  Elec- 
tronic sensing  of  the  shift  generates  a  constant  d.c.  output  pro- 
portional to  the  phase  shift  and  to  the  shaft  torque.  Pulse  fre- 
quency from  one  disk  is  a  direct  indication  of  the  shaft  rota- 
tional  speed. 

Sugihara,  H.,  and  Okushima,  S.  1968.  TEMPERATURE  MEAS- 
UREMENT OF  WOOD  CUTTING  TOOL  USING  THE  INFRA-RED 
radiometric  microscope.   Wood  Ind.  23(8):  10-13,  19-22. 

Zajev,  N.  A.  1968.  measuring  the  temperature  at  the 
cutting    edge    of   circular-saw   teeth.    Derev.    Prom. 

17(4):   15. 

Describes  a  thermocouple  arrangement  for  measuring  tem- 
peratures close  to  the  cutting  edge.  A  few  results  are  given 
for  saws  cutting  particleboard. 


NOMENCLATURE 


Anonymous.       1968.      SPECIFICATION  FOR  WOODWORKING  MA- 
CHINES.   I.  components.    Brit.  Stand.  BS  4361,  10  pp. 

Anonymous.      1969.      SPECIFICATION     FOR     WOODCUTTING 

BANDSAW  blades.    Brit.   Stand.  BS  4411,  20  pp. 

The  standard  relates  to  the  terminology,  manufacture,  proper- 

'  ties,  dimensions,  and  tolerances  of  both  narrow  and  wide  band- 

'  saw  blades.    An  appendix  gives  tables  in  inch  units,  equivalent 


to  the  metric  tables  in  the  text. 

Bessonova,  N.  M.,  and  Cuhlo,  V.  M.  1969.  THE  SOVIET 
standard  'surface  ROUGHNESS  OF  WOOD'.  Derev.  Prom. 
18(1):    9-11. 

Describes  studies  on  oak,  beech,  birch,  fiberboard,  and  particle- 
board  in  connection  with  the  revision  of  the  Soviet  standard 
dealing  with  surface  roughness  of  wood  and  its  measurement. 


MACHINABILITY  OF  LUMBER  AND  PARTICLEBOARD 


Anonymous.  1969.  (Sawing;  Circular  Sawing) 

Baum,    V.    G.       1968.      THE    'OMEGA'     AUTOMATED    SLEEPER- 
CUTTING   UNIT.     Lesnaya    Prom.    (8):    1-9. 
Describes    a    Soviet    unit   capable    of    producing    612    sleepers 
^per  7 -hour  shift. 

Brackley,    A.    M.       1968.       AN    INVESTIGATION    OF    THE    YIELD 
'OF     ROTARY-CUT     VENEER     AND     PLYWOOD     FROM     EASTERN 
SPRUCE     UNDER     SELECTED     CONDITION     OF     MANUFACTURE. 
M.S.  Thesis.    Univ.  Maine,  Orono. 

Fukui  and   Kimura.    1968.    (Sawing;   Circular   Sawing) 

Hallock.      1969.      (Sawing;   Circular   Sawing) 

ijuvonen,     R.       1969.      SMOOTHNESS     OF     THE     SURFACE     OF 

I'SAWN  goods.    Paperi   ja  Puu   51(4):    363-367. 

Kerbes,  E.  L.  1969.  NARROW  KERF,  ACCURATE  SAWING: 
KEY  TO  higher  lumber  recovery.  Can.  Forest  Ind.  89(3)  : 
76-79. 

A  British  Columbia  Central  Interior  sawmill  has  a  lumber 
recovery  factor  of  8.5  board  feet  per  cubic  foot  when  sawing 
decking  from  logs  averaging  8.2  inches  top  diameter.  When 
dimension  lumber  is  sawn,  9.1  board  feet  are  recovered  from 
logs  averaging  12.7  inches  top  diameter.  Production  rate  for 
•the  bandmill  was  in  excess  of  1,500  board  feet  per  man  hour. 
This  degree  of  efficiency  was  attributed  to  accurate  sawing, 
'narrow  kerfs,  proper  filing,  adequate  supervision,  and  em- 
ployee education. 

Koch,    P.       1968.      STRAIGHT    STUDS    FROM     SOUTHERN    PINE 

veneer  CORES  AND  CORDWOOD.  Forest  Prod.  J.  18(3) :  28-30. 


Southern  pine  veneer  cores  were  converted  to  8-foot  studs  by 
seven  alternate  processes.  Strength  of  studs  from  all  processes 
proved  more  than  adequate  for  loads  normally  imposed.  The 
most  promising  and  economical  process  consists  of  center- 
ripping  the  green  core,  blanking  out  a  stud  from  each  half- 
core  on  a  chipping  surface-edged,  kiln-drying  the  oversized 
blanks,  and  then  removing  all  drying  distortions  by  face- 
jointing  followed  by  thicknessing  and  straightline  ripping. 
Prototype  studs  (two  per  core)  were  100-percent  SPIB  Stud 
grade  and  better.  The  process  also  is  applicable  to  8-foot 
bolts  of  southern  pine  (and  perhaps  lodgepole  pine)  in 
diameters  ranging  from  5V4  to  6^/4  inches  inside  bark.  If  a 
finger  joint  is  made  at  midlength  of  each  stud  blank,  the 
system  can  be  applied  to  4-foot-long  southern  pine  cordwood 
in   diameters    ranging   from    4V4    to    6^/4    inches   inside    bark. 

McMillan,  T.  A.  1968.  OPERATION  ANALYSIS  OF  AN  ALA- 
BAMA LUMBER  MANUFACTURING  PROCESS.  M.S.  Thesis. 
Auburn  Univ.,  Ala. 

In  a  systems  analysis  of  a  southern  pine  lumber  manufactur- 
ing operation,  the  marginal  log  was  eliminated  and  sawing 
patterns  were  revised  to  improve  utilization  of  existing  mill 
machinery. 

Maldonado,  E.  D.,  and  Boone,  R.  S.  1968.  SHAPING  AND 
PLANING  CHARACTERISTICS  OF  PLANTATION-GROWN  MAHOG- 
ANY and  teak.  USDA  Forest  Serv.  Res.  Pap.  ITF-7,  22  pp. 
Inst.   Trop.   Forest.,   Rio   Piedras,  P.R. 

Tests  were  conducted  on  plantation- grown  Swietenia  macro- 
phylla  and  Tectona  grandis  from  Puerto  Rico  and  S.  mahagoni 
from   the    U.    S.    Virgin    Islands   and   for   comparison,    forest- 
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grown  S.  macrophylla  from  Mexico,  Honduras,  and  Peru, 
T.  grandis  from  Burma,  Liquidambar  styraciflua  from  the  U.S. 
and  Betula  alleghaniensis  from  Canada.  S.  mahagoni  proved 
superior  in  shaping  and  planing  properties  to  all  other  woods 
tested.  In  shaping,  plantation- grown  S.  macrophylla,  S.  ma- 
hagoni, and  T.  grandis  yielded  surfaces  as  good  as  the  im- 
ported forest-grown  material.  All  the  mahoganies  had  good 
planing  properties;  torn  grain  in  planing  was  most  severe  in 
plantation-grown  T.  grandis  but  otherwise  results  for  plantation 
and  forest  material  were  similar.  Shaping  quality  was  only 
weakly  correlated  with  specific  gravity  and  growth  rate. 

Melichar,  J.  1968.  THE  COMPUTATION  OF  SAWBLADE 
SPACINGS    AND    YIELDS    IN    SAWMILLING    PRODUCTION    WITH 

the  aid  OF  A  COMPUTER.    Drevo  23(7):    238-239. 

Melichar,  J.,  and  Vejmola,  S.  1968.  ALGORITHM  FOR  DE- 
TERMINING SAWING  SCHEDULES  AND  OUTPUT  OF  CANT 
SAWN  TIMBER.  (BASIS  FOR  WRITING  A  COMPUTER  PROGRAM.) 
I.   Drevarsky  Vyskum    1 :    37-49. 

Presents  a  mathematical  model  that  can  be  computer-pro- 
grammed to  provide  various  sawing  schedules.  Decisions  are 
based  on  the  quantity  and  diameter  classes  of  saw  logs,  the 
quantity  and  dimensions  of  boards  required,  and  kerf  width 
and  blade  settings. 

Melichar,  J.,  and  Vejmola,  S.  1968.  ALGORITHM  FOR  DE- 
TERMINING SAWING  SCHEDULES  AND  OUTPUT  OF  CANT 
SAWN  TIMBER.  (BASIS  FOR  WRITING  A  COMPUTER  PRO- 
GRAM.) II.  Drevarsky  Vyskum  2:  103-112. 
Additional  mathematical  formulae  are  developed  to  account 
for  square-edged  lumber  and  shorts,  waney-edged  boards  and 
slabs,    and    milling    waste. 

Nanasawa,  N.,  and  Koga,  T.     1967.     CUTTING  OF   lumber 

CORE  PLYWOOD  COATED  WITH  POLYESTER  BY  CARBIDE  TIPPED 

saw.    Wood   Ind.   22(11):    23-25. 

Nguen.      1968.      (Sawing;  Sash  Gangsawing) 

Pease,  D.  1969.  CHIP,  STUD  MILL  PROCESSES  SMALL  LODGE- 
POLE  STEMS.    Forest  Ind.  96(12)  :  92-93- 

Briefly  describes  a  sawmill  converted  into  a  stud  and  chip  mill 
for  handling  small,  low-grade  lodgepole  logs.  The  band  headrig 
was  replaced  with  a  two-saw  scrag  mill,  and  a  roundwood 
chipper  was  added.  Budgeted  production  on  two  shifts  is 
25    million    board    feet    of    studs    per    year. 

Petrovskij,  V.  S.  1968.  ALGORITHMS  FOR  THE  CROSS-CUT- 
TING OF  STEMS  INTO  SAWLOGS,  AIMED  AT  THE  MAXIMIZA- 
TION   OF   THE    YIELD    OF    EDGED       TIMBER    BY    VOLUME.     Les. 

Zh.  11(4):   122-126. 

Priest.      1968.      (Boring,  Routing,  and   Carving) 

Reynolds,  H.  W.,  and  Gatchell,  C.  J.  1969-  SAWMILL  SIM- 
ULATION: CONCEPTS  AND  COMPUTER  USE.  USDA  Forest 
Serv.  Res.  Note  NE-100,  5  pp.  Northeast.  Forest  Exp.  Sta., 
Upper   Darby,   Penn. 

Product  specifications  were  fed  to  a  computer  so  that  the 
yield  from  one  sample  of  logs  could  be  determined  for  several 
simulated  sawing  methods.  Variation  among  log  samples  was 
thus   eliminated. 

Rogers,  M.  T.  1967.  SAWMILL  RECOVERY  DETAILS.  Timber 
Trades  J.  263(4752):  63,  65. 

Output,  costs,  and  return  (1964  prices)  from  a  day's  saiving 
at  the  Novobord  sawmill  in  Britain  are  compared  with  those 


from  comparable  operations  in  Finland.  Conversion  of  7 
Selected  Category  IV  (Forestry  Commission)  pine  logs  c< 
taining  2,363  Hoppus  feet  outside  bark  yielded  52.3  perct 
sawn  timber  (with  5  percent  shrinkage  allowance)  and  3' 
percent  slabwood.  The  slabwood  was  chipped  and  suppl 
to  a  particleboard  mill.  Loss  of  log  volume  in  sawdust  i 
17.3  percent.  Profitability  is  hinged  on  the  sale  of 
slabwood. 

Roscin,   N.    P.       1968.      INDICES   OF   THE    EFFICIENCY   OF   D 
FERENT  SAWLOG  BREAKDOWN  METHODS.    Lesnaya  Prom.    ( 1  | 

28-30. 

Five   methods   of  framesaiving   are   compared   with   respect  , 

seven     economic    indices. 

Schumann,    D.    R.,    and    Pillow,    M.    Y.      1969.     EFFECT 
TENSION   WOOD  ON   HARD  MAPLE   USED   FOR  MANUFACTUP 
PARTS.   USDA   Forest   Serv.   Res.   Pap.    FPL-108,   8   pp.    Foi : 
Prod.   Lab.,  Madison,  Wis. 

Cuttings    from    hard    maple    containing   tension    wood    tern 
to  warp  and  to  shrink  more  than  cuttings  that  did  not  cont  , 
tension  wood.  A  high  percentage  of  poorly  machined  specim 
was     obtained    from    severely    leaning    trees    and   from    ba  I 
warped  samples;  this  was  more  pronounced  when  the  sam  • 
came  from  the  upper  side  of  the  tree,  where  tension  wooa 
concentrated.    The    authors    conclude    that    cuttings    from     i 
upper  side  of  severely  leaning  trees — in  excess  of  3  degree, 
ire  likely  to  behave  adversely  in  applications  requiring  hi 
quality  cuttings,  for  example,  exposed  furniture  parts  and  tr  > 


Tobin,  L.  R.,  and  Bethel,  J.  S.  1969.  VENEER  RECOVI 
PREDICTION  AND  ANALYSIS  THROUGH  COMPUTER  SIMU 
TION.  Wood  and  Fiber  1(2):  97-107. 
An  analytical  procedure  features  a  simulation  model  to  evah  i 
grade  recovery  and  yield  in  the  manufacture  of  rotary-  \ 
veneer.  Data  on  green  veneer  characteristics  were  transfer  < 
from  photographs  to  digital  form  and  a  program  was  de  i 
oped  to  simultaneously  evaluate  veneer  recovery  in  two,  th  '. 
or  four  grades,  using  these  characteristics  as  data  input.  Th  j 
major  variables — grade  requirements,  sheet  widths,  and  c  '■' 
ping  specifications — could  be  manipulated,  and  their  ef  i 
on  yield  could  be  evaluated  by  reprocessing  the  same  •  * 
under  different  conditions.  Results  of  trial  runs  are  inclu,  t 
to   demonstrate   several   applications    of   the   program. 

Tsolakides,    J.    A.       1969.      A    SIMULATION    MODEL    FOR    i : 

yield  STUDY.    Forest  Prod.  J.    19(7):    21-26. 
A    computer  was   used  to   study,    on   a   single   log,   the  gt  ^ 
and  volume  yields   derived  from   several   methods   of  sau» 
The   model  consists  of  a  primary  program   and  three  sup, ' 
mentary  subprograms   (sawing   of  lumber,   rotation   of  the    < 
into  a  new  position,  and  production   of  cants).    Provision 
Vs-  or    l/4-inch   kerf  was  included  for  simulation   of  circu 
band,   or  gangsawing.    The  size,   board-foot  content,  and  U  ' 
tion   of  defects  were  obtained  for  each  board.    Limitations 
the  model  include  lack  of  full  taper  removal  and  inability 
show  the  depth  of  defects. 

Wu,  C.  Y.,  and  Huang,  Y.  S.     1968.     STUDIES  ON  PLAN! « 

MACHINABILITY  OF  WOOD.  I.  EFFECTS  OF  THE  KNIFE  I 
CUTTERHEAD  ON  QUALITY  OF  FINISH  AND  POWER  O  I 
SUMPTION.  Taiwan  Univ.  Exp.  Forest  Tech.  Bull.  59,  33 
Three  knives  produced  a  better  finish  than  one  knife, 
required   about   30   percent   more   power. 
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Anonymous.       1968.      DIRECTORY    OF    DEBARKING    MACHINES. 

FAO,   38   pp.   Rome. 

Briefly  tabulates  specifications  (including  price  and  capacity) 
of  145  barking  machines  now  being  produced  by  47  manu- 
facturers in  10  countries. 

£och,    P.       1968.      WOOD   MACHINING    ABSTRACTS,    1966    AND 
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Contains  abstracts  of  326  references  arranged  by  subject  mat- 
'er.  An  introduction  mentions  notable  papers  in  various  cate- 
gories and  briefly  surveys  trends  in  wood  machining  research- 
papers  in  pertinent  categories  are  cross-referenced  and  an 
\ndex  of  authors  is  provided. 

Koch,  P.       1968.      WOOD  MACHINING   HIGHLIGHTS,   1966   AND 

1967.  Forest  Prod.  J.  18(9)  :  65-70. 


Brief  sketch  of  advances  in  wood  machining,  abrasive  planing, 
veneer   cutting,   chipping,   defibrating,   and  whole-tree   conver- 


Roth,  L.,  and  Weiner,  J.     1967.     BARKERS  and  barking  OF 
PULpwood.  70  pp.  Appleton,  Wis.:  Inst.  Pap.  Chem. 
This  first   supplement   to   the   original   edition    (1960)    covers 
the  pertinent  literature  from  1961  to  1^66. 

Thunell,    B.      1968.      LIST   OF    PUBLICATIONS   ON    BANDSAWS. 
Swed.   Forest   Prod.   Res.   Lab.,   28   pp.    Stockholm. 
Lists  408  publications  between  1925  and  1<)68. 

USDA  Forest  Products  Laboratory.  1968.  FOREST  PROD- 
UCTS LABORATORY  LIST  OF  PUBLICATIONS  ON  MILLING  AND 
UTILIZATION  OF  TIMBER  PRODUCTS.  30  pp.  USDA  Forest 
Serv.    Forest  Prod.  Lab.,  Madison,  Wis. 


REPORTS  OF  RESEARCH  PROGRAMS 
AND  INDUSTRIAL  DEVELOPMENTS 


iVnonymous.     1968.      (Machining   with   Coated    Abrasives) 

inonymous.       1968.      WHAT    THEY'LL    BE    SHOWING    AT    THE 

jIAFM   fair.     Ind.    Woodworking   20(8):    10-19,    30. 
^escribes  new  wood-working  machinery  and  equipment  exhib- 
\ed  at  the  National  Association   of  Furniture   Manufacturers' 
fcond   Annual    International    Woodworking    Machinery    and 
•tpply  Fair. 

rickson.      1968.      (Sawing;    Shearing) 

Hguson.     1968.      (Machining  with  Coated  Abrasives) 

rentes.     1968.      (Defibrating) 

hnston.     1968.      (Sawing;    Shearing) 

.ties.    1968.    (Defibrating) 

i|ask,   R.    A.       1968.      DEVELOPMENTS    IN    REFINER    GROUND- 
ED.  Pap.  Technol.  9:  489-497. 

ntficant  contributions  have  been  made  to  the  refiner 
pundwood  process  since  its  development.  The  ribbonlike 
iers  produced  by  the  refining  action  account  for  the  sub- 
'  itially  higher  strength  of  this  pulp  as  compared  to  stone 
k  undwood.  Usually,  most  of  the  refining  is  done  at  con- 
t  encies  in  the  range  of  15  to  25  percent.  At  present,  there 
iio  set  rule  about  the  number  of  refining  stages,  the  power 
"<  should  be  applied,  or  the  consistency  to  be  used  in  each 
ske,  Pulp  samples  taken  directly  from  the  refiner  should 
>>  subjected  to  a  hot  water  disintegration  process  if  the 
"■'Its  of  laboratory  tests  are  to  be  comparable  with  those  in 
a  ommercial  mill.  Treatment  before  refining  substantially 
"  roves  pulp  quality  of  certain  wood  species.  For  example. 
/><■>  strength  and  brightness  improve  when  Japanese  larch 
cats  are  pressed  with  a  small  amount  of  sodium  sulfite  prior 


to  refining.  The  refiner  groundwood  process  has  made  it 
possible  to  utilize  certain  wood  residues  such  as  shavings  and 
sawdust. 

Page,  M.  W.  1968.  LATEST  DEVELOPMENTS  in  SAWMILL- 
ING  EQUIPMENT  AND  TECHNIQUES  FOR  SMALL  LOGS.  Aus- 
tralian Timber  J.  34(10):  90,  94-95,  97-99- 
Hardwood  logs  of  5-foot  and  less  girth  and  softwood  logs 
less  than  3  feet  in  girth  are  considered  small  for  sawmilling 
purposes.  In  many  regions  the  percentage  of  small  logs  is 
increasing,  and  it  becomes  important  that  sawmilling  equip- 
ment recover  high  grades  at  fast  rates,  while  alloiving  some 
flexibility  in  choice  of  sawing  patterns.  The  ability  to  taper- 
saw  probably  is  advantageous.  A  new  method  has  also  been 
proposed  for  assessing  the  capacity  of  satving  machines.  It 
employs  average  sawn  surface  area  produced  by  the  machine 
per  unit  time  and  also  takes  production  accuracy  into  con- 
sideration. Three  types  of  "small  log"  machines  are  seen  in 
Australia:  (1)  log  edgers  with  variable  saw  spacing,  (2)  high- 
speed gang  framesaws,  and  (3)  riderless  pony  carriage  saws. 
Small  logs  increase  the  frequency  of  loading  and  turning;  to 
insure  maximum  effective  sawing  time,  these  operations  must 
be  performed  rapidly.  By  the  sawn-area  criterion,  single-cut- 
tiny  pony  carriages  cut  at  about  the  same  rate  as  log  edgers, 
but  at  only  65  percent  the  speed  of  gang  framesaws.  However, 
pony  carriages  permit  much  wider  choice  in  production  tech- 
niques. The  combination  of  a  double-cutting  handsaw  and  a 
pony  carriage  offers  an  exceptionally  high  average  sawing 
rate,  coupled  with  maximum  flexibility  in  choice  of  sawing 
patterns. 

Sointu.     1969-      (History  and  General  Texts) 

Trevelyan.     1969.      (Defibrating) 

Underhay.      1968.      (Defibrating) 
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PATENTS 


Artiano,  A.,  and  Lindberg,  V.  L.  1969.  WOOD-CHIPPING 
KNIFE.  (U.S.  Pat.  No.  3,421,561.)  U.S.  Pat.  Office,  Wash., 
D.  C. 

This  invention  relates  to  chippers  having  a  rotary  frustoconical 
housing  with  a  series  of  knives  mounted  in  a  spiral  pattern 
on  the  interior  surface  so  that  they  project  inwardly  from 
openings  in  the  housing  wall.  Thus,  chips  are  thrown  out 
through  the  openings.  The  knives  are  designed  so  that  they 
can  be  simply  made  from  flat  metal  stock  by  stamping  or 
drop-forging  and  are  inexpensive  enough  so  that  they  can 
be  discarded  when  dull.  Each  knife  has  two  cutting  edges, 
one  for  splitting  the  wood  to  the  desired  thickness,  the  other  for 
cutting  the  wood  across  the  grain  to  form  chips  of  uniform 
length. 

Beloit  Corp.  1968.  PULPING  method.  (Brit.  Pat.  No. 
1,116,940.) 

Describes  a  disk  refiner  whose  plates  have  a  special  pattern 
for  prebreaking,  intermediate,  and  final  fiberizing.  The  chips 
are  distributed  uniformly  throughout  the  prebreaking  zone, 
which  is  vented  to  the  atmosphere.  Steam  formed  near  the 
inlet  of  the  refiner  can  escape,  thus  preventing  nonuniform 
feeding  of  chips  and  power  fluctuations. 

Busch,  T.  N.  1968.  APPARATUS  FOR  DE-LIMBING  TREES. 
(Can.  Pat.   No.   784,514.) 

Eklund,    H.    J.     1968.     WOOD    CHIPPER.  (U.    S.    Pat.    No. 

3,410,495.)    U.  S.  Pat.  Office,  Wash.,  D.  C. 

Various  improvements  are  claimed  for  a  chipper  described 
in  U.  S.  Pat.  3,276,700. 

Hamilton,  D.  D.  1968.  LOG-PROCESSING  MACHINE.  (Can. 
Pat.  No.  792,051.) 

The  patent  describes  a  self-propelled  machine  for  process- 
ing trees  at  the  felling  site.  The  apparatus  includes  a  delimber, 
a  barker,  and  a  bolt  cutter.  A  boom-mounted  device  is  pro- 
vided for  picking  up  felled  trees  and  directing  them  into  the 
machine. 

Heermann,  R.  1966.  HAND  APPARATUS  FOR  DEBARKING 
OF  LOGS.    (Ger.  Pat.  No.  1,215,344.) 

The  motor-driven  portable  debarker  claimed  in  German  pat- 
ent 1,207,597  is  modified  so  that  the  operator  is  protected 
from  motor  vibrations. 

Jones,  H.  W.  H.,  and  Helleur,  D.  E.     1968.     PROCESS  FOR 

MAKING    A    MECHANICAL    PULP    FROM    WOOD    CHIPS.      (U.S. 

Pat.  No.  3,372,879.)  U.S.  Pat.  Office,  Wash.,  D.C. 
Describes  a  disk-refining  process  involving  separation  of  the 
refined  material  into  a  primary  acceptable  fraction  and  a 
nonacceptable  fraction.  The  latter  fraction  is  divided  into 
a  coarse  and  a  less-coarse  portion,  and  each  portion  is  refined 
separately.  The  resulting  pulps  are  combined  and  separated 
into  a  secondary  acceptable  fraction  and  a  primary  reject  frac- 
tion. The  primary  and  secondary  acceptable  fractions  are  then 
combined  to  form  the  final  furnish. 

Jones,  H.  W.  H.,  and  Helleur,  D.  E.     1968.     PRODUCTION 

OF    MECHANICAL    PULP    FROM    WOOD   CHIPS.      (U.S.    Pat.    No. 

3,411,720.)     U.S.  Pat.  Office,  Wash.,  D.C. 
Describes  a   machine  with   two   rotating   disks   that   cause   the 
material  to  flow  in  a  sinusoidal  path.    The  rate  of  fiber  dis- 
charge  may    be   controlled   so   as   to    increase   the   amount   of 
specific  refining  energy.  Heat  generated  in  the  refining  zone 


i 


is  retained  to  make  steam,  which  may  be  used  to  control  atmos 
pheric  pressure  between  the  disks.  The  pulp  is  fractionated 
and  rejected  material   is  reprocessed. 

Koch,  P.  1969.  METHOD  FOR  PRODUCING  STUDS  FRO\ 
CORDWOOD   AND   VENEER   CORES.     (U.S.   Pat.   No.    3,443,612.; 

U.S.   Pat.  Office,  Wash.,  D.C. 

The   patent    describes   the    production    of    straight,    kiln-driea 

2-  by  4-inch  studs  from  4-  or  8-foot-long  southern  pine  cord 

wood  or  veneer  cores.   Studs  are  8  feet  long  and  of  SPIB  Stm 

grade.    A  primary  aim  of  the  process  is  to  utilize  raw  materia 

normally  destined  for  pulp  chips. 

See  Koch,  1968.     (Machinability  of  Lumber  and  Particleboard 

Larson,  R.  W.,  Olson,  O.  E.,  Harkness,  W.  D.,  and  Mair,  W.  I 

1968.      APPARATUS     FOR     DELIMBING     AND     FELLING     TREE! 

(Can.  Pat.  No.  778,179.) 

Leider,  D.  K.,  and  O'Brien,  R.  E.     1968.     DEBARKING  APP/ 

ratus.    (U.S.  Pat.  No.  3,417,796.)   U.S.  Pat.  Office,  Wash 

D.C. 

Describes  a  drum  debarker  that  controls  the  rate  of  discharg 

of  debarked  logs,   thereby   controlling   the  dwell  time  of  th 

logs  in  the  drum. 

Mitten,  L.  A.,  and  Runnion,  E.  E.  1968.  CUTTER  HEA 
WITH    SLIDE-MOUNTED    CHIP-COLLECTING    DUCT.      (Can.    Pa! 

No.  777,578.) 

Describes  a  device  for  removing  wood  from  a  log  so  as  I 
produce  a  cant  and  pulp  chips.    The  cutterhead  is  swin 
mounted  and  the  chip-collecting  chute  is  designed  to  maintat 
a  gap   of  fixed  width   between  the   infeed  lip   of  the  chu,  \ 
and  the  cutting  plane  of  the  head. 

Thomas,  K.  V.  1968.  refining  apparatus.  (U.S.  ?i j 
No.  3,371,873.)  U.S.  Pat.  Office,  Wash.,  D.C. 
Describes  a  disk  refiner  having  a  frame  to  which  componen  i 
can  be  assembled  for  processing  various  raw  materials.  T)  >■ 
patent  claims  the  machine  can  maintain  proper  alignment  at.  I 
spacing    between    the   refining   surfaces. 

Wright,    J.    H.     1968.     REFINER    SYSTEM.     (Can.    Pat.   N 

775,876.) 

The  system,  including  a  shredder,  a  disk  refiner,  and  a  sen  , 

conveyor,  is  similar  to  that  described  in  U.S.  Pat.  3,273,80 

Yli-Paavola,   A.    J.,    and    Tampella,    O.     1968.     device   F( « 

CONTROLLING    THE     REFINING     LOAD    OF     A    DISK    REFINE 

(Can.   Pat.   No.    788,203.) 

In  this  refiner,  clearance  between  two  disks  is  maintained  1 1 

pressing  the  disks  against  each   other.    It  is   claimed  that  1  i 

fining  energy  may  be  maintained  at  a  constant  value  regarak  A 

of  variations  in  consistency ,  wood  quality,  or  feed  rate  of  U 

stock. 

Yock,    L.    M.      1968.      MACHINE    FOR    CHIPPING    CORE    LO  S 
AND  VENEER.     (U.S.  Pat.  No.   3,415,297.)     U.S.  Pat.  Offii 
Wash.,   D.C. 

The  apparatus  is  designed  for  converting  veneer  cores  m ' 
scrap  veneer  into  uniform  pulp  chips.  It  consists  of  a  i> 
cutter  having  a  stop  which  projects  from  the  surface  of  t  ! 
disk  towards  the  edges  of  knives.  Cores  enter  the  disk  a; ' 
contact  the  stops,  which  limit  the  bite  of  the  knives.  Vent » 
is  injected  at  a  different  angle  and  the  full  bite  of  t  '■ 
knives  is  used. 
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SAFETY,  INCLUDING  NOISE 


nonymous.  1967.  BLOCK  THAT  NOISE!  TRY  EARMUFFS. 
jlp  and  Pap.  41(37)  :   58. 

escribes  a  brand  of  earmuffs  designed  to  allow  the  wearer 
hear  conversation   (sounds  in  the  range  of  500   to   2,000 
cles    per    second)    but    to    block    high-frequency    and    high- 
tensity  noise  that  may  damage  the  inner  ear. 

nonymous.  1968.  (Properties  of  the  Cutting  Edge  and 
utter;    Fitting   and    Sharpening) 

nonymous.      1969.      (Sawing;    Chain   Sawing) 

xelsson,    S.    A.    1968.    ANALYSIS   OF    VIBRATIONS    IN    POWER 

LWS.  Studia  Forest.  Suecica  59,  47  pp.  Roy.  Coll.  Forest., 
ockholm,  Sweden. 

escribes  the  effects  of  power-saw  vibrations  on  fingers  and 
tnds  and  states  limits  of  tolerance.  Causes  of  vibration,  as 
ell  as  physical  and  theoretical  aspects  of  vibration,  are  dis- 
used.    Improved  designs   are   suggested   to   reduce   the   risk 


izevskij,  M.  P.,  and  Skalenko,  I.  G.  1968.  EXPERIMENTS 
ST  NOISE  REDUCTION  IN  PLANERS.  Derev.  Prom.  17(1): 
5-27. 

reenwood,   J.    H.    F.      1968.      NOISE    REDUCING    ENCLOSURE 

PR  A  PLANER  AND  MOULDER.    Woodworking  Ind.  25(11): 

9-20. 

n  enclosure   of  simple   construction  and   moderate   cost   was 

Elgned   with    sand   as   the   principal   insulating    material.     It 
uced  noise  an  average  of  22  decibels.    With  the  enclosure 
s  possible  to  supply  air  to  the  exhaust  system  from  outside 
i?  shop,  thereby  reducing  plant  heating  costs. 


(jin'kov,  V.  P.  1968.  ESTABLISHING  TECHNICAL  STAND- 
-DS    ON    LIMITATION    OF    THE     NOISE     OF     WOODWORKING 

^CHINES.    Derev.   Prom.    17(9):    11. 

Iscusses  Soviet  Standard  GOST  11870-66,  which  delineates 
fthods  of  measuring  noise,  noise  characteristics  that  can 
k,  measured,  and  choice  and  placement  of  measuring  equip- 

i  nt. 

friayama,  S.,  and  Sugihara,  H.  1968.  ON  NOISE  ANALYSIS 
C1  A  bandsaw  MACHINE.  J.  Jap.  Wood  Res.  Soc.  14(3): 
1-147. 


Sound  levels  and  one-third-octave  bandpass  levels  were  meas- 
ured on  a  1,050  mm.  bandsaw  with  light-duty  automatic 
carriage.  During  cutting,  average  sound  levels  rose  about 
10  decibels  above  the  no-load  level.  Increasing  the  feed 
speed  increased  sound  levels  in  the  no-load  condition  but  had 
no  effect  during  cutting. 

Kitayama,  S.,  and  Sugihara,  H.  1969.  ON  NOISE  ANALYSIS 
OF  SINGLE  SURFACE  PLANER.  J.  Jap.  Wood  Res.  Soc.  15(3): 
87-92. 

Rotational  speed  of  the  cutterhead,  width  of  wood  planed,  and 
location  of  microphone  significantly  affected  sound  levels. 
Cutting  depth,  wood  thickness,  feed  speed,  and  species  had 
little  effect. 

Klufas,  A.  J.  1968.  REVIEW  OF  CERTAIN  ASPECTS  OF 
PRACTICAL    GROUNDING    TECHNIQUES.     Pulp    and    Pap.    Mag. 

Can.  69(18):   81-84. 

Grounding  provides  a  safe,  permanent  path  for  60  cycles  per 

second  faults,  lightning  surges,  and  static  charges.    Since  many 

factors  are  involved,  each  grounding  system  must  be  designed 

individually. 

Larson,   H.       1968.      CHAIN   SAW   SAFETY  BASED  ON   COMMON 

SENSE.    South.  Lumberman  217(2704):   260. 

Gives    rules    for    operating    chain    saws,    including    care    and 

maintenance,    fire    prevention,    and   work    safety. 

Neumann,    F.      1968.      AIDS    AND    DEVICES    FOR    BAND    SAWS 
IN  WOODWORKING  FACTORIES.    Holz    (5):   7-14. 
A   practical  account,   with   illustrations,   of   safety   devices  and 
aids  for  sawing   material   of  various  types. 

Schmutzler.     1968.      (History  and  General  Texts) 

Simson,    I.    I.       1968.      ACCIDENT    PREVENTION    IN    MECHANI- 
CAL WOODWORKING.    184  pp.  Leningrad:  Izdatel'stvo  'Masino- 
stroenie'. 
A   book   covering   many   aspects   of  accident  prevention. 

Sorensson.    1969.    (Sawing;  Chain  Sawing) 

Wuttkowski,  H.       1968.      PROTECTION  OF  MACHINES  AGAINST 

VIBRATION.    Drevo  23(7):  243-245. 

Describes  methods  of  measuring  vibration,  and  ways  of  re- 
ducing   it. 
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Cottonwood  plantations  offer  the  forest  manager  a  number  of  out- 
standing advantages  as  an  investment  alternative.  Pulpwood  can  be 
raised  in  less  than  10  years,  and  sawtimber.  and  veneer  logs  in  20 
years.  In  both  volume  and  value  growth  per  acre  annually,  cottonwood 
is  exceptional  among  hardwoods.  This  paper  provides  economic  analyses 
of  cottonwood  planting  opportunities  in  the  Mississippi  Delta. 

Current  knowledge  is  sufficient  to  enable  the  investor  to  plant  cotton- 
wood with  considerable  assurance  of  success.  Further  improvements 
in  planting  stock  and  in  the  technology  of  establishing  and  tending 
;he  crop  are  in  sight.  These  developments  will  reduce  costs,  increase 
evenues,  and  thereby  enhance  the  rate  of  return  for  the  investor.  To 
<eep  up  with  these  developments  and  the  market  for  cottonwood  tim- 
)er,  the  prospective  investor  should  contact  the  Southern  Hardwoods 
laboratory,  P.  0.  Box  227,  Stoneville,  Mississippi  38766. 
The  market  outlook  and  production  possibilities  suggest  that  all 
ottonwood  likely  to  be  grown  can  be  readily  sold.  The  cottonwood 
narket  is  related  directly  to  the  more  general  market  for  hardwood 
imber.  Timber  Trends  in  the  United  States1  projects  a  44  percent  rise 
n  the  southern  hardwood  cut  from  a  1962  level  of  7.0  billion  board 
eet  to  10.1  billion  board  feet  by  the  year  2000. 
Cottonwood  stumpage  is  particularly  easy  to  sell  because  of  the 
umerous  marketing  options.  Modern  graining  techniques  allow  the 
pecies  to  be  utilized  for  furniture.  Magazine  papers  made  from  cotton- 
rood  provide  faithful  photographic  reproduction,  and  the  whiteness  of 
ie  wood  makes  it  ideal  for  matches  and  toothpicks.  The  species  is 
referred  for  beverage  cases  and  is  found  in  particle  board,  hardboard, 
isulation  boards,  and  excelsiors.  Other  products  range  from  uphol- 
ered  furniture  frames  to  fine  architectural  trim. 
Cottonwood  plantations  promise  to  provide  concentrations  of  timber 
ore  attractive  to  log  than  typical  hardwood  stands  available  in  the 
elta  and  thus  to  enhance  these  marketing  opportunities.  The  indi- 
dual  cottonwood  producer  can  expect  to  sell  expanded  supplies  at 
vorable  market  prices.   A  conceivable   threefold   increase   in   total 
ittonwood  supplies  is  not  likely  to  depress  stumpage  prices.  Even  at 
irrent  prices,  the  investor  can  expect  high  rates  of  return  from 
anting  cottonwood  on  suitable  sites. 

SDA    Fnrest    Service.    Timber    trends    in    the    United    State?..    USDA    Forest    Resource   Hep      17. 
35  pp.  1965. 


Cottonwood  represents  a  mere  3  percent  of  the  available  timli 
volume  in  the  Mississippi  River  Delta — the  principal  region  suita; 
for  its  growth.  Several  factors  account  for  this  low  percentage.  Fhj 
the  fast  growth  rates  attributed  to  cottonwood  are  limited  to  spec: 
site  and  moisture  conditions.  Second,  the  highly  successful  efforts  J 
the  U.S.  Corps  of  Engineers  to  control  the  Mississippi  River  ha 
greatly  reduced  the  formation  of  new  ground  on  which  most  natu: 
stands  of  cottonwood  were  once  established.  Third,  large  initial  capi  > 
expenditures  are  necessary  to  establish  cottonwood  plantations.  PS 
ally,  highly  profitable  agricultural  land  uses  compete  for  sites  capal 
of  supporting  cottonwood.  Because  of  this  competition,  the  expansi 
of  lands  devoted  to  cottonwood  production  is  unlikely  to  exceed 
million  acres. 

Physical  Yields 

How  much  pulpwood  or  sawtimber  can  cottonwood  plantations  yielc 
Until  recently,  productivity  of  natural  stands  was  the  guide.  Resul 
from  cottonwood  plantations  are  sparse,  particularly  for  stands  moi 
than  10  years  old. 

To  utilize  the  fragmentary  data,  existing  data  were  synthesize 
into  productivity  schedules  by  site  category.  The  compilations  ai 
based  on  the  research  efforts  of  private  industry,  universities,  Stal 
and  Federal  Governments,  and  foreign  investigations. 

Data  sources  were  sufficient  to  segregate  productivity  schedule 
into  three  site  categories:  high,  average,  and  low.  High  sites  ai 
defined  as  those  with  indexes  equal  to  or  greater  than  120  at  age  3C 
average  site  indexes  are  equal  to  or  greater  than  1 00  but  less  than  120 
low  site  indexes  are  less  than  100.  Site  index  is  usually  computed  fo 
cottonwood  at  age  30  rather  than  50  because  growth  is  rapid  an< 
sawtimber  size  is  attained  in  less  than  30  years. 

Pulpwood  and  sawtimber  production  schedules  were  assembled  fo 
each  of  the  three  sites.  Pulpwood  output  is  representative  of  planta 
tions  set  out  on  a  10-  by  10-foot  spacing,  436  trees  per  acre;  a  75 
percent  survival  rate,  330  trees,  at  age  6  was  assumed.  Sawtimbe; 
yields  are  based  on  a  12-  by  12-foot  spacing,  303  trees  per  acre.  Again 
a  75-percent  survival  rate  through  age  6  (230  trees)  was  accepted 
Industrial  experience  on  large  scale  plantings  corresponds  closely  with 
this  rate.  It  was  assumed,  too,  that  plantations  were  established  in 
blocks  of  about  100  acres  and  that  no  recommended  cultural  proce- 
dures were  omitted.  Row  thinning  was  planned  for  stands  less  than 
10  years  of  age. 

Volume  estimates  shown  in  tables  1  and  2  were  derived  by  consoli- 
dating existing  data  into  average  values  for  number  of  trees  per  acre, 


TABLE  1 — Pulpwood  rotation  yields 


Age  (years) 


Remaining  stand 


Trees 
per  acre 


Average 
d.b.h. 


Volume  cut 
per  acre 


lumber 

Inches 

High  site 

240 
0 

6.3 
9.0 

Average  site 

240 
0 

5.4 

7.8 

Low  site 

240 
0 

4.5 
6.5 

Cords 


3.1 
36.5 


3.0 

26.7 


1.3 
16.9 


TABLE  2 — Sawtimber  rotation  yields 


Age 
(years) 


Remaining  stand 


Trees 
per  acre 


Average 
d.b.h. 


Volume  cut  per  acre 


Number 

Inches 
High  site 

Cords 

Bd.  ft. 

6 

190 

6.5 

2.2 

9 

100 

9.1 

12.3 

12 

60 

12.4 

10.0 

16 

45 

16.0 

2.0 

1,965 

20 

0 

20.0 
Average  site 

9.3 

14,535 

6 

200 

5.6 

1.2 

9 

130 

8.0 

5.0 

12 

90 

10.3 

7.6 

16 

70 

13.0 

2.2 

1.060 

20 

0 

15.2 
Low  site 

4.7 

7,640 

6 

200 

4.6 

.8 

9 

130 

6.7 

3.5 

12 

90 

8.8 

5.3 

16 

70 

11.4 

2.4 

20 

0 

14.1 

3.9 

4,900 

Urieter  at  breast  height,  basal  area  per  acre,  and  merchantable  vol- 
■  in  cubic  feet,  cords,  and  board  feet.  Total  merchantable  volume, 
leading  thinnings,  and  mean  annual  increments  were  compiled  in 


cubic  feet  and  cords  for  ages  5  through  24.  Representative  values 
extracted  and  are  depicted  in  the  tables. 

The  production  levels  in  tables  1  and  2  are  well  within  the  extr< 
recorded  in  the  data.  Maximum  mean  annual  increments  on  high 
ranged  from  3.6  to  6.2  cords  per  acre.  The  maximum  mean  an 
increment  in  the  tabulation   is  4.4  cords   per  acre,   a  conserve 
figure  compared  to  the  best  industrial  and  foreign  experiences  (fig 


Figure  1. — At  age  U  these  trees  averaged  fi.2  inches  d.b.h.  and  5(1  feet  tall — feft 
growth  than  reported  in  table  1.  Photo  courtesy  of  Crown  Zellerbach  Corn 
tion. 


siawtimber  production  in  table  2  of  14,535  board  feet  (Doyle  rule) 
t  age  20  lies  between  a  low  of  5,700  board  feet  and  a  high  of  30,000 

tiijoard  feet  reported  by  industrial  managers. 

Mean  annual  increments   in  cubic  feet  were  also  computed.   For 

atl-year  rotations,  they  are  329  cubic  feet  for  high  sites,  215  for  average 
ites,   and    152  for   low   sites.   Mean   annual   increments   in   20-year 

iptations  for  the  three  site  classes  are  324,  209,  and  140  cubic  feet 
er  acre.  A  conversion  factor  of  75  cubic  feet  of  wood  per  cord  is 
sed  throughout  this  paper. 

Setting  the  rotation  for  pulpwood  at  9  years  and  for  sawtimber 
t  20  years  was  somewhat  arbitrary.  Two  guides  to  rotation  age  were 
iopted.  First,  the  rotations  should  approximate  those  advocated  by 
idustrial  forest  managers  with  the  greatest  experience  in  cottonwood 
llture.  Second,  they  should  nearly  equal  the  ages  of  maximum  mean 
inual  increments,  which  are  correlated  with  highest  rates  of  return. 
The  yields  presented  are  reliable  indicators  of  productivity  of  cot- 
>nwood  plantations.  The  investor,  however,  also  wants  to  know  what 
le  yield  will  be  worth. 


Prices 


Cottonwood  planted  today  will  be  sold  in  some  future  market.  Merely 
•ojecting  today's  prices  for  pulpwood  and  sawtimber  is  risky.  Market 

tings  may  invalidate  the  investment  analysis  and  provide  misleading 
plications.   For  this   reason,   several   sets   of   pulpwood   stumpage 
"  ices  and  combinations  of  pulpwood  and  sawtimber  prices  are  included 
f     the  cost-return  analysis.  The  investor  thus  is  able  to  measure  the 
vestment  potential  of  cottonwood  plantations  over  a  range  of  eco- 
!  pmic  trends.  Price  anticipations  of  the  prospective  planter  determine 
hich  of  the  curves  in  figures  2  through  5  are  appropriate  for  him. 
These  prices  should  not  be  taken  literally  as  pulpwood  and  saw- 
mber  stumpage  values.  In  part  they  represent  the  major  uses  of 
|)ttonwood  and  as  such  offer  a  convenient  label.  In  reality,  they  are 
I  blend  of  prices  because  the  size  and  grade  of  cottonwood  increase 
ith  age.  Prices  were  blended  by  setting  the  so-called  pulpwood  price 
r  the  end  of  a  rotation  and  varying  from  that  time.  For  example, 
Upwood  worth  $4  per  cord  at  age  9  was  assumed  to  worth  only 
.68  at  age  6.  Sawtimber  prices  were  set  and  adjusted  similarly. 
As  the  plantation  matures,  the  average  tree  diameter  and  volume 
allowable  cut  increase,  leading  to  logging  economics  and  expanding 
arket  opportunities.  Wide  spacing  and  relatively  uniform  tree  sizes 
low  for  highly  mechanized  harvesting  at  reduced  costs.   Some  of 
ie  cost  benefits  accruing  from  this  type  operation  are  passed  to  the 
ndowner  in   the  form   of   higher   stumpage   prices.    A   20-year-old 
anaged  cottonwood  stand  would  have  timber  suitable  for  veneer, 


factory  lumber,  pulp,  and  particle  board.  Even  on  a  pulpwood  rotat: 
at   age   9   significant   amounts   of   logs   and   veneer   bolts   would  I 
available.  The  forest  manager  who  sought  the  highest  returns 
his  crop  would  not  sell  the  timber  for  exclusive  production  of  pp 
or  lumber.  In  selecting  a  set  of  prices  from  among  those  offered, 
location  of  the  tract  in  respect  to  market  alternatives  and  noti 
of  price  inflation  should  be  considered. 


Costs  and  Returns 


In  addition  to  physical  yields  and  expected  prices,  costs  of  grow 
cottonwood  are  primary  considerations  in  determining  the  investmi| 
potential. 

Establishment,  annual,  and  periodic  costs  vary  widely.   Costs 
establishment    in    particular   vary    with    site    conditions,    equipm 
availability,  and  size  of  plantation.  On  the  basis  of  questionnai; 
completed  by  private  and  public  foresters  responsible  for  establish!} 
cottonwood   plantations,    initial    establishment   costs    per   acre   w 
found  to  average: 

Site  selection    $  1.00 

Site  preparation  (land  clearing, 

raking,  burning,  and  disking)    75.00 

Planting  stock   3.00 

Planting 12.00 

Cultivation    12.00 

Insect  control   2.20 

Trucking    2.50 

Total  establishment  cost $107.70 

These  costs  are  for  100-acre  units  on  forested  sites.  Establishi 
plantations  on  smaller  units  would  incur,  in  most  cases,  higl 
average  costs. 

In  the  rate-of-return  calculations,  the  initial  establishment  c< 
was  held  in  reserve  because  the  individual  investor  can  arrive  at  b< 
estimates  for  his  particular  circumstances.  His  establishment  cost 
the  value  for  entering  the  charts  to  determine  the  appropriate  n 
of  return  for  a  cottonwood  investment. 

Land  costs  are  often  included  in  investment  analyses,  and  t 
capacity  to  do  so  was  retained.  Land  costs  can  be  added  to  init 
establishment  costs  and  the  sum  used  for  determining  rate  of  retu 
on  total  investment.  Throughout  the  Mississippi  Delta  and  other  riv 
bottoms  capable  of  supporting  commercial  cottonwood  plantatioi 
land  is  generally  not  for  sale.  With  the  possible  exceptions  of  battu 


inds  and  lands  subject  to  frequent  inundations,  the  acreage  in  ques- 
on  is  agricultural  land  and  maintained  on  a  long-term  basis  by 
imily  and  industrial  interests.  Growing  cottonwood  is  an  alternative 
nd  use  on  portions  of  large  holdings  or  on  acreage  withdrawn  from 
Ejriculture  because  of  government  policies.  Thus  the  concept  of 
measuring  cottonwood  returns  by  including  land  costs,  assuming 
fiat  the  land  could  be  sold  and  the  capital  invested  elsewhere,  is 
f  limited  applicability. 

In  addition  to  initial  establishment  costs,  estimates  of  annual, 
jriodic,  and  reestablishment  costs  were  made.  These  values  were 
icluded  in  the  cost-return  calculations  and  are  listed  below: 

Annual  costs  per  acre 

Taxes   $  0.50 

Management    50 

Fire  protection 50 

Total  annual  cost $  1.50 


Periodic  costs  per  acre 

Mowing  (every  4th  year)    $  4.00 

Insect  protection  (every  8th  year)    2.20 

Sawtimber  rotation-pruning 

Second  year   15.00 

Eighth  year   35.00 

Reestablishment  costs  per  acre 
for  subsequent  rotations 
Site  preparation  (land  clearing, 

raking,  burning,  and  disking)    $20.00 

Planting  Stock  3.00 

Planting 12.00 

Cultivation    12.00 

Insect  control   2.20 

Trucking    2.50 

Total  reestablishment  costs  $51.70 

General  revenue  and  cost  functions  were  postulated  to  account  for 
trying  yields,  prices,  and  costs  at  different  times  in  the  production 
tides.  Discounted  revenues  and  costs  were  then  calculated  and  com- 
1  red  to  establish  net  revenue  as  the  present  net  worth  of  an  acre 

cottonwood.  Discount  rates  were  then  varied  to  enable  landowners 


to  examine  the  results  in  accordance  with  their  notion  of  an  apppl 
priate  rate  of  interest.  Potential  investors  can  scan  the  graphs    j 
costs  and  prices  applicable  to  their  own  circumstances  and  antici] 
tions.  The  charts  enable  analysis  of  investment  potential  by  alternate 
means.  In  some  situations,  the  investor  may  have  firmly  in  mine 
minimum  acceptable  rate  of  return  for  which   all   necessary  fun 
will  be  made  available.  More  often,  the  investor  will   have  limil: 
capital  to  invest  in  timber  and  only  a  rough  idea  of  the  rate  :: 
alternative  uses  of  capital.   Under  these  circumstances,   the  cha: 
should  be  used  to  rank  investment  proposals  from  the  best  to  t 
poorest  until  funds  are  exhausted. 

Figure  2  portrays  present  discounted  net  worths  per  acre  for  c 
tonwood  planted  on  a  pulpwood  rotation.  The  investment  potenti, 
are  for  wood  income  on  perpetual — or  single — series  production  pla 
on  high  or  average  sites.  Each  curve  represents  an  anticipated  pu 
wood  stumpage  price.  Thus,  an  investor  considering  cottonwood  I 
a  perpetual  crop  on  a  high  site  can  incur  establishment  costs  ? 
$125  per  acre  and  expect  a  slightly  greater  than  5  percent  retu 
on  his  investment,  assuming  a  pulpwood  stumpage  price  of  $4  ji 
cord.  If  he  expects  a  price  of  $6  per  cord  to  prevail,  the  same  esfci 
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INITIAL   ESTABLISHMENT    COST  (DOLLARS/ACRE) 
Figure  2. — Rates  of  return  in  9-year  pulpwood  rotations.  Numbers  in  parenthes 
designate  assumed  stumpage  prices:    (1)   $3.20  per  cord,   (2)   $4.00  per  cor 
(3)  $5.00  per  cord,  and  (4)  $6.00  per  cord. 


ishment  investment  will  earn  in  excess  of  9  percent.  If  circumstances 
lermitted  setting  cottonwood  on  previously  cleared  land,  then  initial 
osts  of  only  $55  per  acre  might  be  required.  This  investment  com- 
nined  with  predicted  pulpwood  prices  of  $4  per  cord  would  earn 
lmost  10  percent.  Allowing  expected  prices  to  increase  to  $6  per 
lord  would  result  in  a  rate  of  return  on  the  cottonwood  investment 
ti  excess  of  15  percent. 

I  The  expected  rate  of  return  falls  markedly  when  site  quality 
|eclines  from  high  to  average.  For  example,  establishment  costs  of 
125  per  acre  on  an  average  site  would  earn  only  6  percent  in  the 
erpetual  series,  even  under  the  most  favorable  price  assumption, 
jlere  the  site  sensitivity  of  cottonwood  is  underscored.  Present  net 
orths  for  low  sites  are  not  presented  because  normal  establishment 
)sts  result  in  returns  of  less  than  5  percent. 

In  addition  to  wood  income  only,  computations  were  made  to  include 
unting  fees  of  $1  per  acre  per  year  as  a  further  source  of  revenue, 
ombined  wood  and  hunting  income  improves  the  rate  of  return  shown 
i  the  figure  by  approximately  1  percent. 

The  single  rotation  series  in  figure  2  provides  a  guide  for  owners 
ho  prefer  to  commit  their  land  to  cottonwood  culture  for  9  years, 
larmers  in  particular  may  wish  to  take  some  land  out  of  agricultural 
induction  for  about  a  decade.  Single  crops  of  cottonwood  provide 
a  excellent  alternative  land  use,  especially  where  cleared  agricultural 
nd  is  available  on  which  establishment  costs  can  be  cut  to  $50  to 
50  per  acre.  With  these  costs,  a  single  pulpwood  rotation  on  a  high 
,te  will  earn,  depending  on  price  anticipations,  from  6  to  15  percent 
ite  of  return. 

Once  again  the  reader  is  cautioned  on  the  extreme  site  sensitivity 
c  cottonwood  from  an  economic  point  of  view.  With  the  most  con- 

Irvative  pricing  assumptions,  present  net  worth  at  5  percent  rate 
return  declines  by  some  $55  per  acre  when  site  quality  drops 
l,oni  high  to  average  for  perpetual  pulpwood  rotations.  Low  sites 
lomise  financial  loss  at  the  same  prices.  Thus,  careful  site  selection 
i  vital  to  success  in  cottonwood  culture. 

The  investment  guides  presented  are  not  directly  applicable  to 
idustrial  plantations.  Pulping  firms  currently  pay  up  to  $45  a  cord 
i;r  cottonwood  delivered  at  the  mill  yard.  They  incur  these  costs 
I  cause  cottonwood  permits  drastic  reductions  in  the  cost  of  bleach- 

r.  Without  cottonwood  the  firm  might  be  forced  to  invest  heavily 
expand  bleaching  capacity.  In  this  situation,  even  low  sites  may 
rove  relatively  profitable. 

The  industrial  firm  has  procurement  alternatives  ranging  from 
t,al  reliance  on  the  stumpage  market  to  supplying  all  cottonwood 
reds  from  its  own  lands.  The  choice  among  these  alternatives  for 


obtaining  cottonwood  must  be  based  on  cost-quantity  consideration 
If  the  cottonwood  supply  zones  can  be  thought  of  as  concentr 
circles  with  the  processing  plant  at  the  center,  procurement  optioi 
will  be  ranked  according  to  delivered  prices  of  given  quantities 
cottonwood  from  each  zone.  As  rising  demand  for  cottonwood  for© 
stumpage  values  up,  cost  considerations  require  that  distant,  hig 
freight,  sources  be  abandoned  and  cottonwood  cultivation  be  intensify 
on  strategically  located  company-owned  lands.  When  these  conside 
ations  are  analyzed,  firms  are  apt  to  find  that  the  highest  stumpaj 
prices  given  in  this  paper  are  too  low  for  investment  planning. 

Higher  stumpage  prices  imply  a  higher  value  or  demand  for  lanci 
capable  of  supporting  cottonwood.  At  the  same  time,  the  situatk 
warrants  bringing  some  formerly  submarginal  lands  into  cultivatio 
Company  lands  formerly  marginal  for  cottonwood  plantations  no 
become  profitable.  The  value  of  other  productive  lands  must  ri: 
accordingly,  and  submarginal  or  low  sites  become  an  increasing^ 
profitable  source  of  cottonwood  for  the  industrial  firm. 

Figure   3   represents   the   present   net   worths   for   cottonwood 
sawtimber   rotations.    Regardless   of   the   price   combination   chose- 
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INITIAL   ESTABLISHMENT    COST  (DOLLARS/ACRE) 

Figure  3. — Rates  of  return  in  20-year  sawtimber  rotations.  Numbers  in  pan 
theses  designate  assumed  future  stumpage  prices:   (1)  $3.20  per  cord,  $21,.  ' 
per  M  bd.  ft.;   (2)   $4.00  per  cord,  $30.00  per  M  bd.  ft.;   (3)   $4.80  per  coi\ 
$36.00  per  M  bd.  ft;  and  (4)  $6.00  per  cord,  $45.00  per  M  bd.  ft. 
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iising  cottonwood  for  sawtimber  is  more  lucrative  than  growing 
jilpwood  alone.  This  is  to  be  expected,  though,  in  light  of  current 
,jid  anticipated  price  differentials.  An  owner  who  estimates  his 
ijtablishment  costs  to  be  $107  per  acre  on  a  high  site  for  perpetual 
ilries  can  expect  a  rate  of  return  ranging  from  7  to  11  percent, 
^pending  on  his  choice  of  future  prices.  On  an  average  site,  this 
jivestment  would  earn  from  4  percent  to  7  percent. 
(Single  rotation  are  not  as  profitable  as  perpetual  series,  except 
4  extremely  low  establishment  costs.  Low  initial  costs  allow  the 
lndowner  who  plans  a  single  rotation  to  earn  relatively  high  rates 
cl  interest. 

Cottonwood  Plus  Soybean  Income 

For  individuals   that  wish   to  convert  depleted   hardwood   stands 

cottonwood,  the  high  initial  costs  limit  the  rate  of  return.  One 
I  ssibility  for  reducing  the  impact  of  establishment  costs  is  to  set 

t  an  agricultural  crop,  which  partially  defrays  land  clearing  costs, 
if  one  season  prior  to  planting  cottonwood.  This  procedure  lengthens 
te  investment  period  by  1  year  but  significantly  reduces  the  initial 
cj^ts  for  establishing  cottonwood  plantations. 

Soybeans  were  selected  as  the  agricultural  crop  to  be  grown  in 
tk  first  season.  Current  net  financial  returns  from  soybeans-  were 
cjt  by  30  percent,  44  percent,  or  57  percent  to  reflect  site  differences 
ad  to  compensate  for  the  typical  below-par  output  of  new  ground 
ii.  the  first  year  of  cultivation.  Soybeans  were  chosen  because  site 
rfruirements  are  similar  to  those  of  cottonwood  and  the  crop  pro- 
vies  favorable  net  returns. 

'Net  soybean  returns  include  land  clearing  and  preparatory  costs 
t^t  would  normally  be  charged  against  cottonwood.  Thus,  establish- 
n:nt  costs  charged  to  cottonwood  in  the  second  year  would  approxi- 
njte  those  of  reestablishment  at  rotation's  end,  or  about  $55  per  acre. 

|Vood-soybean  investment  opportunities  were  calculated  for  pulp- 
vtod  and  sawtimber  rotations,  and  expected  rates  of  return  on  this 
irestment  option  are  depicted  in  figures  4  and  5  for  various  price 
abruptions  and  estimated  establishment  costs  on  the  three  sites. 
Cje  significant  change  from  the  wood-only  production  scheme  is  that 
ein  low  sites  provide  positive  rates  of  return  at  the  high  stumpage 
p  ces. 

|n  10-year  perpetual  pulpwood  rotations  on  high  sites  where  a 
srbean  crop  is  grown  initially,  a  $55  establishment  investment  would 
em  from  12  percent  to  approximately  20  percent  rate  of  return, 
cbending  on  the  price  schedule  selected  (fig.  4).  On  an  average  site, 

[mill.  j.  g.,  and  Woolf,  Y\\   F.  Data  for  farm  planning  in  the  Ouachita  River  Vallej   area  of 
■litiana.   LSU   Agr.    Exp.    Sta.    DAE   Res.    Hep.    371.    90    pp.    190S. 
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with  similar  production  plans,  the  rate  of  return  would  vary  fn 
4  percent  to  10  percent  with  an  equal  initial  cost.  Returns  on  a  1 
site  would  range  from  4  to  6  percent  if  favorable  prices  prevail 
Cost  benefits  accruing  to  industry  by  insuring  Cottonwood  inpuu 
especially  from  their  own  lands,  promise  to  make  plantations  on  th< 
low  sites  a  profitable  venture. 

Figure  4  also  presents  expected  rates  of  return  for  single  pulpwc 
rotations  with  combined  wood  and  soybean  income.  The  landowr 
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Figure  4. — Rates  of  return  for  10-year  pulpwood  rotations  where  soybeans  a  i 
grown  for  the  first  year.  Numbers  in  parentheses  designate  assumed  futu  i 
stumpage  prices:   (1)  $3.20  per  cord,  (2)  $4.00  per  cord,   (3)   $5.00  per  cor 
and  (U)   $6.00  per  cord. 
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Ivho  faces  governmental  limitations  on  crop  lands  finds  a  soybean- 
lottonwood  combination  very  promising.  An  initial  establishment  cost 
|f  $60  on  a  high  site  would  earn  from  11  to  19  percent  rate  of 
eturn,  depending  upon  prevailing  prices.  With  the  same  initial  costs, 
he  rate  of  return  would  range  from  6  to  14  percent  on  average 
ites  and  from  3  to  8  percent  on  low  sites. 

i  Figure  5  provides  an  estimate  of  the  investment  opportunities  for 
I  combination  of  Cottonwood  sawtimber  and  soybeans  in  a  21-year 
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F;ure  5. — Rates  of  return  for  21-year  sawtimber  rotations  in  which  soybeans  are 
<rown  for  the  first  year.  Numbers  in  parentheses  designate  assumed  future 
tumpage  prices:  (1)  $3.20  per  cord,  $24.00  per  M  bd.  ft.;  (2)  $4.00  per  cord, 
30.00  per  M  bd.  ft;  (3)  $4.80  per  cord,  $30.00  per  M  bd.  ft;  and  (4)  $6.00 
■er  cord,  $45.00  per  M  bd.  ft. 
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rotation.  On  a  high  site,  perpetual  series,  establishment  costs  of  <j 
per  acre  should  earn  from  12  to  17  percent  for  the  various  pr 
combinations.  Similar  production  plans  and  establishment  costs  pre 
ise  rates  of  return  of  7  to  12  percent  on  average  sites  and  up  t< 
percent  on  low  sites.  Single  rotations  also  provide  attractive  ra 
of  return,  especially  with  the  lower  establishment  costs  result; 
from  an  initial  soybean  crop. 

Conclusions 

Cottonwood  returns  are  favorable  relative  to  other  hardwr 
species.  Expansion  in  acreage  allocated  to  cottonwood  appears  limii 
to  suitable  sites  where  other  hardwoods  or  agricultural  crops  s 
currently  grown.  Shifting  land  from  production  of  other  hardwc 
species  to  cottonwood  would  be  beneficial  from  the  standpoint 
greater  wood  yields  per  acre  and  more  intensive  management  t 
acreage  available  to  forestry. 

Greater  limitations  exist  in  the  transfer  of  agricultural  lands  fn'r 
crops  to  cottonwood.  Soil  requirements  for  profitable  cottonwood  pi 
duction  are  similar  to   those   of  cotton   and   soybeans.   To  compi; 
with  cotton  as  an  equally  profitable  land  use,  cottonwood  stumps 
prices  would  have  to  soar  to  some  $30  per  cord  for  a  pulpwood  ro 
tion  or  to  a  combination  price  of  $12  per  cord  and  $165  per  M  1 
ft.  for  a  sawtimber  rotation.  In  the  case  of  soybeans,  cottonwc 
prices  would  have  to  increase  to  $13  per  cord  or  combined  prim 
of  $6  per  cord  and  $72  per  M  bd.  ft.  for  pulpwood  or  sawtimb 
rotations  to  provide  equivalent  rates  of  return  on  investments.  Si 
stitution  of  man-made  fibers  for  cotton  and  inroads  by  substiti 
oils  into  the  soybean  market  should  improve  the  relative  posit) 
of  cottonwood  as  an  alternative  land  use.  Cottonwood  should  cla; 
increasing  portions  of  agricultural  lands  as  more  farmers  choose  i 
are  induced  by  government  programs  to  temporarily  set  aside  ci 
lands  for  alternative  uses.  Agricultural  lands  most  likely  to  shift 
cottonwood  are  now  in  soybeans.  These  lands  need  to  be  examir 
carefully  for  their  suitability,  since  cottonwood  thrives  under  a  n; 
rower  range  of  soil  conditions  than  soybeans. 

Cottonwood  plantations  offer  forest  managers  and  forest  industr 
the  best  single  alternative  for  reversing  the  decline  in  forest  resoun 
in  the  Mississippi  Delta.  The  species  currently  yields  high  anni 
outputs  of  all  classes  of  timber  products,  and  superior  planting  stc 
will  soon  be  available.  Preliminary  tests  indicate  a  20  percent  increg 
in  yield  from  the  superior  cuttings.  However,  there  are  drawbac 
associated  with  the  investment  potential  of  cottonwood.  It  takes  lar 
capital  investments  to  establish  and  maintain  a  stand  of  cottonwo( 
Careful  site  selection  is  a  must  because  only  the  best  soils  can  gr< 
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feottonwood  economically.  Nonetheless,  coctonwood  is  sold  in  a  market 
Ivhere  significant  expansion  is  predicted,  while  markets  for  agricul- 
|ural  crops  are  expected  to  decline.  In  the  Mississippi  Delta,  cotton- 
Ivood  should  capture  a  growing  share  of  the  hardwood  market.  The 
ipecies  grows  fast,  is  highly  marketable,  and  may  well  be  instrumental 
in  restoring  vigor  to  the  forest  economy  of  the  Delta. 
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Intensive  cultural  methods  developed  through  re- 
arch  have  added  cottonwood  (Populus  deltoides 

brtr.)  to  the  list  of  commercially  plantable  timber 
ecies  in  the  United  States.  Most  of  this  paper  is  de- 
ited  to  describing  a  system  for  planting  cuttings  that 
lis  proved  highly  successful  in  the  fertile  river  bottoms 
i  the  South.  Where  it  can  be  applied,  the  system  of- 
I'S  many  advantages.  Stem  cuttings  are  easy  to  han- 
e,  and  vegetative  reproduction  permits  rapid  incor- 
f-ration  of  genetically  improved  material.  It  should  be 
cognized  at  the  outset,  however,  that  the  system 
escribed  is  applicable  only  where  winters  are  mild 
(d  the  soil  is  rich,  moist,  and  well  drained.  Cotton- 
\)od  can  be  grown  in  other  areas,  but  special  plant- 
i;j  and  cultural  methods  are  required.  A  concluding 
ition  of  the  paper  covers  such  situations. 

This  paper  summarizes  results  of  past  research  and 
oorts  findings  based  on  new  research  and  experi- 
e:e  in  both  experimental  and  commercial  planting. 
Ficedures  are  described  for  choosing  and  preparing 
s:s,  producing  planting  stock,  establishing  planta- 
tns,  and  managing  the  stands  through  to  harvest. 
Cst  of  various  operations  are  given,  and  investment 
o'Dortunities  summarized. 

Although  eastern  cottonwood  is  best  known  as  a 
f't-growing  shade  tree,  foresters  have  been  experi- 
nnting  with  plantings  for  timber  production  for  the 
let  50  years  in  the  United  States.  In  1918,  for  exam- 
p,  the  Mead  Corporation  in  Ohio,  established  a  pilot- 
sule  plantation  from  seedlings  (1).  Satisfactory  exper- 
Bental  plantations  were  established  from  cuttings  by 
tr  Southern  Forest  Experiment  Station  in  the  1  940's. 
Ausenhelder  did  much  of  the  early  work  that  encour- 
o;d  pilot-scale  planting  of  the  species  (7).  Further 
in>etus  was  provided  when  in  the  early  1960's 
C  wn-Zellerbach  Corporation  began  planting  eastern 
aonwood  on   a   commercial   scale.   Since  that  time, 


t;n  the  data  were  gathered,  the  author  was  on  the  staff  of  the  Southern  Hardwoods 
Lotbtory,  which  is  maintained  at  Stoneville,  Miss  ,  by  the  Southern  Forest  Experiment  Sta 
'■or  |JSDA  Forest  Service,  in  cooperation  with  the  Mississippi  Agricultural  Experiment  Sta 
''0'  id  the  Southern  Hardwood  Forest  Research  Group  He  is  now  Assistant  Area  Director, 
D'v  n  of  Cooperative  Forest  Management.  Southeastern  Area,  State  &  Private  Forestry 


U.S.  Gypsum  Company,  Chicago  Mill  and  Lumber 
Company,  Greif  Brothers  Cooperage  Corporation,  Roy 
O.  Martin  Lumber  Company,  Trans-Match  Incorporat- 
ed, Anderson-Tully  Company,  and  others  have  been 
adopting  results  and  developing  practical  methods  for 
establishing  and  managing  large  plantations. 

Europeans  have  been  including  eastern  cottonwood 
in  poplar  hybrids  for  about  250  years.  In  some  coun- 
tries, notably  Italy,  hybrids  that  have  eastern  cotton- 
wood as  one  parent  are  grown  for  pulpwood  and  saw 
and  veneer  logs.  A  bibliography  of  Populus  species 
and  hybrids  throughout  the  world  (3)  is  recommended 
for  those  interested  in  hybrid  poplar  culture. 

Anyone  preparing  to  establish  a  commercial  planta- 
tion of  eastern  cottonwood  on  a  southern  bottom  land 
should  recognize  that  all  the  recommendations  pre- 
sented here  must  be  followed.  Neglect  of  any  step  is 
likely  to  lead  to  failure  of  the  entire  operation.  If  the 
"package"  described  here  is  among  the  most  attrac- 
tive that  a  forester  can  purchase,  it  is  also  among  the 
most  expensive.  It  makes  no  sense  to  risk  loss  of  the 
entire  investment  by  attempting  to  eliminate  any  of  the 
operations  described. 

Choice  of  Planting  Site 

Cottonwood  is  a  prima  donna.  Under  ideal  condi- 
tions it  performs  as  no  other  tree  species  can.  For  rapid 
growth  the  soil  must  be  well  aerated  and  moist 
throughout  the  growing  season,  and  it  must  contain 
abundant  nutrients.  Under  these  conditions,  first-year 
heights  of  up  to  20  feet  can  be  expected.  Cottonwood 
will  survive  on  most  river  and  stream  bottom  soils,  but 
it  produces  handsome  returns  only  on  the  best  sites. 

Broad  site  groups  that  have  been  found  best  for 
growing  cottonwoods  are  the  lands  still  subject  to  the 
natural  overflow  of  the  Mississippi  River  and  its  major 
southern  tributaries  such  as  the  Red,  Arkansas,  and  St. 
Francis  Rivers.  Superior  sites  are  also  found  on  out- 
washes  from  the  fine  silts  in  the  Silty  Uplands  area 
immediately  to  the  east  of  the  Mississippi  Valley  and 
next  to  Crowley's  Ridge  in  Arkansas. 

Cottonwood  thrives  on  well-drained  sandy  loams 
and  silty   loams  in   most  southern   river  bottoms.    Best 


growth  is  always  where  the  site  is  situated  to  receive 
ample  moisture  during  the  growing  season  from  a 
water  table  that  is  3  to  6  feet  below  the  surface,  from 
precipitation,  or  from  lateral  movement  in  sandy  loams 
or  silty  soils  next  to  open  water.  Cottonwood  can  with- 
stand flooding  if  the  water  is  cool  and  flowing  or  does 
not  stay  on  the  ground  surface  for  extended  periods 
during  the  growing  season.  Ridges  that  contain  deep 
layers  of  sand  are  likely  to  be  excessively  dry  during 
rainless  periods  in  the  summer. 

Unless  they  are  fertilized,  soils  derived  from  Coastal 
Plain  material  usually  do  not  contain  sufficient  nutrients 
for  good  cottonwood  growth.  Alluvial  soils  of  the  Mis- 
sissippi River,  Blackland  prairies,  and  loess  areas,  and 
those  primarily  from  Piedmont,  mountain,  or  Great 
Plains  sources  normally  contain  ample  nutrients. 

Clay  soils  are  usually  not  satisfactory  for  cotton- 
wood  plantations.  Clays  will  only  support  good  cotton- 
wood  growth  if  they  have  ample  organic  matter  and 
moisture,  and  if  good  physical  structure  is  preserved 
as  through  plowing  occasionally  during  the  life  of  the 
plantation. 

If  a  soil  survey  map  is  available  for  land  where 
planting  is  contemplated,  soil  series  can  be  used  to 
indicate  probable  cottonwood  growth  in  the  Gulf 
South.2  The  best  growth  has  been  observed  on: 


Mediocre  growth  has  been  observed  on: 


Delta 

Commerce 

Convent 

Bowdre 

Bruin 

Latanier 

Mhoon 

Norwood 

Robinsonville 

Bosket 


Loess 

Adler 
Collins 
Morganfield 
Falaya 
Vicksburg 
Blackland  Prairie 
Kaufman 
Marietta 


Good  growth  can  be  expected  on: 


Delta 

Amagon 

Coushatta 

Dubbs 

Dundee 

Hebert 

Iberia 

McGehee 

Newellton 

Portland 

Tensas 

Tiptonville 

Tunica 


Loess 

Arkabutla 
Memphis 
Natchez 
Rosebloom 
Waverly 
Blackland  Prairie 
Catalpa 
Houlka 
Leeper 
Trinity 
Verona 


Coastal  Plains 

Mantachie 

Ochlockonee 

Wehadkee 

Chewacla 

luka 


Blackland  Prairie 

Tuscumbia 
Coastal  Plains 

Bibb 

Chastain 
Una 
Urbo 


Delta 

Alligator 

Baldwin 

Beulah 

Buxin 

Forestdale 

Moreland 

Perry 

Roebuck 

Sharkey 


On  soils  where  mediocre  growth  is  expected,  the 
vestment  in  a  cottonwood  plantation  usually  cannot 
justified. 

It  is  wise  to  have  a  soil  survey  made  of  the  ar 
that  appears  suitable  for  planting.  Soil  should  be  sa  j 
pled  to  a  depth  of  4  feet  to  provide  adequate  inforrr 
tion  for  careful  site  choice  (fig.  1 ). 


Figure 
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1. — Soil  should  be  sampled  to  a  depth  of  4  feet 
get  sufficient  information  for  choosing  sites. 


'Personal  communication  with  W   M    Broadfoot,  Principal  Soil  Scientist.  Southern  Forest 
Experiment  Station,  Stoneville,  Miss 


In   addition   to  soil   features,   site   selection   is  infl 
enced  by  accessibility,  size  of  tract,  roughness  of  te 
rain,   susceptibility  to  flooding,   and   nearness  to  or: 
kinds  of  markets  for  cottonwood. 


Easy  access  keeps  establishment  costs  down  and 
ses  the  value  of  the  stumpage  produced.  Planting  of 
5  species  requires  intensive  site  preparation  prior  to 
inting,  and  if  woodland  must  be  cleared,  heavy 
ichinery  is  necessary.  Planting  and  intensive  care 
er  planting  require  access  for  men  and  machinery, 
cess  is  also  important  for  both  thinnings  and  final 
rvests.  The  more  accessible  the  site,  either  by  water 
highway,  the  more  likely  the  plantation  is  to  yield  a 
|h  rate  of  return  on  investment. 

A  certain  minimum  size  of  tract  is  required  to  make 
i  necessary  cultural  measures  practical.  This  size  will 
ry  somewhat  with  local  conditions,  but  areas  small- 
than  100  acres  should  probably  not  be  considered, 
las  been  determined  that  up  to  1  50  acres  can  be 
tivated  by  one  tractor  during  the  first  growing  sea- 
i  if  the  site  has  been  carefully  prepared  prior  to 
inting.  A  single  tract  or  several  small  neighboring 
cts  aggregating  this  total  are  needed  to  keep  one 
ctor  and  operator  busy  throughout  the  growing  sea- 
i. 

Roughness  of  terrain  is  a  consideration  because  of 
3  problems  that  may  develop.  The  first  is  apparent 
hose  who  have  used  farm  equipment.  If  the  terrain 

00  rough  the  various  operations  requiring  wheel 
:tors  cannot  be  performed  efficiently.  Terrain  also  is 
3ted  to  flooding  in  bottom  lands.  Depressions  in  bot- 

1  lands  that  may  hold  water  from  river  overflow 
;r  floods  recede  will  not  be  suitable  for  planting  of 
ooted  cuttings. 

\s  much  as  $1  per  acre  has  been  spent  to  properly 
iluate  planting  sites  for  cottonwood.  In  view  of  the 
je  investments  to  follow,  the  money  spent  for  care- 
site  evaluation  is  easily  justified.  It  is  also  important 
ielineate  areas  to  be  planted  with  considerable  re- 
ment  before  the  site  is  prepared.  If  areas  are 
[jred  that  cannot  be  successfully  planted,  cost  per 
of  production  will  climb  accordingly. 

Site  Preparation 

I'ites  which  are  recommended  for  planting  are  in- 
2;ntly  rich,  and  the  climate  of  the  Deep  South  is 
itropical.  Under  these  conditions,  weeds  as  well  as 
s  flourish,  but  cottonwood  can  stand  little  if  any 
(petition  for  light  and  moisture,  particularly  when  it 
pung.  Careful  site  preparation  therefore  is  essential 
ijet  the  trees  well  established.  Also,  the  better  the 
^preparation,  the  easier  is  weed  control  during  the 
rssummer  after  planting. 

.nother  critical  factor  to  consider  in  site  preparation 

iil  aeration.  Although  cottonwood  will  grow  on  the 

)itypes  listed  in  the  previous  section,  it  will  not  do 

*t  if  the  structure  of  the  soil  has  been  seriously  al- 

srd    through    compaction,    long-flooding    during    the 


growing  season,  or  excessive  plowing.  Aeration  must 
be  restored  before  successful  plantations  can  be  estab- 
lished. Looseness  of  the  soil  also  allows  better  absorp- 
tion of  growing-season  precipitation. 

Experience  and  research  have  shown  that  sites  long 
in  field  usually  need  thorough  and  deep  plowing  be- 
fore planting  of  cottonwood.  This  plowing  breaks  the 
sod,  eliminates  compaction,  aerates  the  soil,  and  al- 
lows rapid  percolation  of  moisture  from  rainfall. 

On  fertile  sites,  particularly  in  Mississippi  River  bot- 
toms, large  quantities  of  Johnson  grass  (Sorghum 
halepense  (L.)  Pers.)  may  be  present.  This  grass  must 
be  controlled  before  planting  cottonwood,  and  the 
only  effective  treatment  known  includes  following  the 
year  preceding  planting.  The  site  should  be  plowed  or 
deep-disked  about  July  1,  ordinarily  the  driest  part  of 
the  growing  season,  to  expose  Johnson  grass  rhizomes 
to  the  heat  and  drying  of  the  sun.  Heavy  disking  or 
plowing  should  be  repeated  at  intervals  of  about  2 
weeks  until  all  rootstocks  have  been  exposed  and  de- 
stroyed. Seedlings  of  this  grass  will  emerge  the  follow- 
ing spring,  and  they  must  be  eliminated  by  cultivation. 
A  seedling  of  Johnson  grass  that  survives  over  3 
weeks  following  seed  germination  starts  a  runner 
which  is  difficult  to  kill  with  spring  cultivation.  There- 
fore, even  though  old  rhizomes  have  been  killed,  culti- 
vation must  be  planned  as  soon  as  ground  conditions 
will  permit  following  the  emergence  of  the  grass  seed- 
lings. 

Fall  application  of  a  preemergence  herbicide  such 
as  trifluralin  or  nitralin  destroys  grass  seedlings  that 
emerge  the  following  spring.  However,  the  application 
of  such  a  chemical  is  no  substitute  for  cultivation.  The 
treatment  is  generally  unsatisfactory  unless  applied  to 
extremely  well-prepared  ground,  and  it  is  beneficial 
mainly  on  old  fields  where  grass  is  a  major  problem. 
Research  thus  far  has  indicated  that  some  cultivation  is 
desirable  even  when  grass  and  weeds  are  absent. 

If  chemicals  are  used  they  should  be  applied  in  a 
band  about  2  feet  wide  on  each  side  of  the  planting 
row  at  the  time  the  site  is  marked  for  planting.  The 
appropriate  rate  of  application  is  between  1/2  and  1 
pound  per  acre,  and  the  chemical  should  be  disked 
into  the  soil  to  a  depth  of  less  than  2  inches  during  the 
fall  prior  to  planting.  Chemical  cost  for  this  treatment 
will  be  approximately  $3  per  acre. 

On  some  old  fields  deep  plowing  is  necessary  to 
break  up  plow  soles  or  pans  that  have  developed 
through  long  years  of  cultivation  and  traffic.  Under 
such  conditions  good  results  have  been  obtained  by 
plowing  to  a  depth  of  1 6  to  20  inches  (fig.  2).  Such 
ground  breaking  is  expensive,  about  $25  per  acre,  but 
it  has  proven  essential  for  rapid  early  growth  of  cot- 
tonwood. 


Figure  2. —  Land  that  has  long  bee  i  n 
field  or  pasture  may  j . 
quire  deep  plowing  b«  I  «•. 
cotton  woods  are  plantec  . 


The  most  successful  plantations  are  on  land  recently 
cleared  of  timber.  Here,  soil  is  in  good  physical  condi- 
tion and  noxious  weeds  are  usually  not  plentiful.  If  the 
site  is  thoroughly  cleaned  after  the  trees  are  sheared, 
cultivation  of  the  plantation  during  its  first  year  of 
growth  can  be  done  at  a  reasonable  cost,  and  it  will 
be  highly  successful.  Debris  left  on  the  site  will  in- 
crease cultivation  costs  and  cause  mechanical  dam- 
age to  the  young  cottonwoods  during  cultivation. 

Plans  for  clearing  the  site  should  be  completed  at 
least  2  years  ahead  of  the  planting  operation  to  allow 
time  for  harvest  of  all  merchantable  sawtimber  and 
pulpwood.  Both  land  clearing  and  site  cleaning  must 
be  done  in  dry  weather. 

Stumps  left  after  logging  and  unmerchantable  trees 
and  shrubs  should  be  cut  at  or  just  below  the  ground 
surface  to  avoid  moving  any  of  the  topsoil.  Uprooting 
of  this  material  is  neither  necessary  nor  desirable. 
Care  must  be  taken,  however,  to  leave  no  protuber- 
ance that  will  later  interfere  with  planting  and  cultiva- 
tion. The  sheared  material  must  be  windrowed,  a  job 
that  is  best  accomplished  with  heavy  rakes  mounted 
on  the  front  of  crawler  tractors.  These  windrows  must 
be  burned,  and  remnants  must  be  concentrated  and 
burned  during  dry  weather  to  reduce  the  debris  to 
ash. 

Deer  populations  are  high  in  southern  bottom-land 
forests,  and  leaves  and  tender  growing  tips  of  cotton- 
wood  are  a  favorite  food  for  deer  and  livestock  (fig. 
3).  Crude  fences  made  from  piled  debris  have  proved 
an  effective  barrier.  They  can  be  prepared  by  pushing 


material  collected  near  the  outer  edge  of  the  clecg 
to  a  height  of  1  0  to  12  feet.  The  base  of  such  bar  is 
will  be  about  20  feet  across.  Experience  has  sh  m 
that  deer  will  not  cross  such  fences  until  the  if 
branches  have  deteriorated  in  a  year  or  two.  By  s 
time  the  cottonwood  crowns  will  have  grown  be>  :d 
the  reach  of  deer. 


Figure      3. — Cottonwood   sprouts   are   favored    browse    < 
deer. 


Roads  through  the  windrow  fence  are  necessary  for 
quipment  traffic.  They  can  be  gated  against  deer  by 
rretching  burlap  across  the  openings  (fig.  4)  (6).  Cat- 
e,  mules,  and  horses  are  more  resourceful  than  deer 
nd  should  be  pastured  away  from  first-year  cotton- 
/ood  plantations. 

After  the  site  has  been  roughraked,  some  planters 
imply  pick  up  the  largest  chunks  of  roots  and  other 
ebris.  However,  dump  rakes  with  closely  set  spring 
;eth  are  recommended  to  follow  the  heavy  rakes  (fig. 
).  After  all  debris  is  swept  from  the  soil  surface,  the 
rea  should  be  thoroughly  disked  with  a  harrow  that 
/eighs  at  least  8,000  pounds  if  it  is  13  feet  wide, 
calloped  disk  blades  should  be  about  26  inches  in 
iameter  and  at  least  5/16-inch  thick.  It  is  usually  ad- 
isable  to  disk  in  two  directions.  Except  where  there 
re  stumps,  the  disks  should  cut  into  the  ground  about 

inches. 

An  average  of  5  acres  per  day  can  be  expected 
er  heavy  tractor  unit  for  shearing,  piling,  and  burn- 
lg.  These  operations  require  crawler  tractors  with  a 
rawbar  horsepower  of  at  least  140.  Subsequent  op- 
rations  can  be  done  with  heavy  wheel  tractors  hav- 
iig  a  drawbar  horsepower  of  at  least  60. 

All  operations  preceding  the  heavy  disking  should 
e  completed  before  September  1 .  Disking  should  be 
jmpleted  by  November.  Where  feasible  this  opera- 
Dn  should  be  followed  by  another  fine  raking,  and 
lunks  missed  by  the  rakes  should  be  picked  up  by 
and.  After  the  final  raking  some  commercial  planters 
irag  the  site  to  clean  it  and  make  it  as  smooth  as  pos- 


Figure  5. — Fine  raking  to  remove  small  debris  speeds  cul- 
tivation while  reducing  damage  to  the  small 
trees. 


sible  for  later  machine  planting  and  rapid  cultivation. 
Drags  are  made  from  1  2-  to  20-foot  lengths  of  steel 
rail. 

A  good  job  of  site  preparation  pays  off  in  at  least 
four  ways:  (1)  reduces  cost  for  mechanical  planting, 
(2)  avoids  mechanical  damage  to  very  young  trees  by 
debris  kicked  up  by  cultivators,  (3)  cuts  cultivation 
costs,  and  (4)  reduces  wear  on  cultivating  equipment. 
Mediocre  site  preparation  has  caused  a  10-percent 
loss  of  trees  through  mechanical  damage  during  culti- 
vation. Careful  preparation  has  increased  the  speed  of 
each  cultivation  by  as  much  as  20  percent. 


Ijure      4. — Deer  can  be  excluded  from  the  plantation  by  making  a  debris  fence.  Openings  for  equipment  access  can  be 
ted  cheaply  with  burlap. 


Costs  of  land  clearing,  including  shearing,  piling, 
burning,  raking,  and  disking,  will  vary  from  $65  to 
$75  per  acre,  depending  on  how  well  the  site  is  pre- 
pared for  subsequent  operations.  Generally,  tree 
shearing  is  contracted  because  of  the  very  heavy 
equipment  required.  Piling  and  burning  require  similar 
tractors,  and  these  operations  are  also  done  by  con- 
tractors. Disking  to  adequate  depth  requires  heavy 
equipment  and  should  be  contracted  unless  the  planta- 
tions planned  are  large  enough  to  justify  purchase  of 
the  equipment  that  is  needed.  Fine  raking  and  cultiva- 
tion are  often  done  by  landowners  who  already  own 
rubber-tired  tractors  with  sufficient  power. 

Planting  Stock 

Although  either  seedlings  or  cuttings  can  be  used, 
cuttings  are  preferred  as  planting  stock  in  the  South. 
They  survive  and  grow  as  well  as  seedlings  and  are 
cheaper  to  procure  and  plant.  On  study  plots,  survival 
of  unrooted  cuttings  and  seedlings  did  not  differ  signifi- 
cantly 2  years  after  planting.  Rooted  cuttings  planted 
in  30-inch  holes  had  superior  survival,  but  the  advan- 
tage over  unrooted  cuttings  and  seedlings  was  not 
large  enough  to  justify  this  expensive  procedure.  Cut- 
tings are  more  desirable  than  seedlings  because  ge- 
netically superior  strains  can  be  expanded  most  rapid- 
ly through  vegetative  reproduction.  Recent  tests  have 
proven  that  improved  strains  grow  to  pulpwood  size 
20  percent  faster  than  other  planting  stock.  Improved 
plant  material  for  the  lower  Mississippi  Valley  is  being 
multiplied  through  vegetative  means  and  will  soon  be 
released  for  commercial  use  (10).  Material  is  being 
tested  for  other  areas  and  it  should  be  available  in 
several  years. 

Cuttings  for  commercial  cottonwood  plantations  are 
being  produced  in  some  State  and  industrial  nurseries. 
Since  planting  of  the  species   is  likely  to  become   in- 
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creasingly  popular,  many  nurserymen  who  are  unfw 
miliar  with  cottonwood  may  soon  find  themselves  pr  J  - 
ducing  cuttings.  They  can  benefit  greatly  from  tf  i  ■ 
experiences  of  others. 

The  purpose  of  the  nursery  operation  is  to  produc  •■ 
wands  which  are  harvested  after  one  growing  seasc  ■ 
(fig.  6).  The  wands,  which  will  be  cut  into  short  lengtl  < 
for  field  planting,  are  themselves  grown  from  cuttings 

In  the  nursery,  the  cuttings  should  be  planted  8  ■; 
12  inches  apart  in  rows  36  to  40  inches  apart  (fig.  7 
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Figure      6. — The  nursery's  objective  is  to  grow  long  wan 
thot   are   relatively  free  of    limbs.  The  sar  I 
rootstocks  can  be  used  for  3  years  before  thi ', 
are  replaced.  (Photo  courtesy  Crown-Zellerbach) 


Figure  7. — In  the  nursery,  cuttings  shot 
be  spaced  8  to  12  inches  ape 
within  rows,  and  rows  shou  ' 
be  spaced  36  to  40  inch 
apart.  Good  drainage  must  1 1 
provided,  and  the  soil  shou 
be  kept  moist  throughout  tl 
growing  season. 


he  nursery  bed  should  be  fumigated  if  cottonwood 
ps  been  grown  there  previously,  and  good  drainage 
lessential.  Where  the  nursery  has  a  watering  system, 
jjttings  10  inches  long  can  be  planted.  Where  no  arti- 
cial  watering  system  is  available,  20-inch  cuttings 
puld  be  planted.  With  either  length,  all  but  2  inches 
the  cutting  should  be  firmly  placed  beneath  the  soil, 
ands  can  be  harvested  annually  for  3  years  from  the 
otstocks  that  are  established. 

Cuttings  of  improved  clones  will  soon  be  available, 
id  unimproved  stock  should  be  planted  in  nurseries 
ily  when  supplies  of  the  improved  material  are  insuf- 
ient.  The  source  of  stock  should  be  no  more  than  200 
les  north  or  south  of  the  planting  site,  and  preferably 
jm  the  same  latitude  or  south  of  it  to  assure  the  best 
e  of  the  growing  season.  In  the  past,  cuttings  were 
ken  from  seedlings  along  riverbars,  ditches,  and  bor- 
w  pits  for  nurseries  or  for  stock  to  be  placed  directly 
plantations.  Today  most  commercial  planters  pro- 
re  cuttings  from  nurseries,  and  as  improved  stock 
:comes  available  planters  should  use  it  exclusively. 
Cuttings  from  1 -year-old  wood  in  the  crowns  of 
;es  4  or  more  years  oid  are  not  recommended  for 
;ld  planting.  In  tests  with  such  cuttings  from  the 
owns  of  trees  10  to  25  years  of  age  survival  was 
;ry  poor  —  6  to  16  percent  (7). 

When  soil  conditions  are  right,  the  wands  produced 
the  nursery  may  reach  heights  of  1  2  to  16  feet  in  1 
;ar.  These  whips  should  be  harvested  only  when  the 
3es  are  completely  dormant  and  just  as  close  to  the 
anting  time  as  practical.  Harvesting  is  often  done  by 
and  with  machetes,  but  machines  are  being  devel- 
Ded  for  large  nurseries.  The  sprouts  should  be  cut 
pout  2  inches  above  the  ground,  pruned,  tied  in 
lanageable  bundles,  and  placed  in  fresh-water 
bnds.  Some  planters  bulldoze  trenches,  drive  wells 
parby,  and  keep  water  flowing  in  these  ponds  until 
>e  whips  are  to  be  made  into  cuttings.  Keeping  light 
om  the  water  will  prevent  development  of  algae  if 
jttings  or  whips  are  stored  for  short  periods  in  still 
tater.  If  the  material  is  to  be  stored  over  2  days,  flow- 
g  water  is  essential  to  provide  aeration  and  to  pre- 
ent  growth  of  algae.  In  addition,  flowing  water 
,'ashes  spores  of  disease-causing  organisms  from  the 
rk  surfaces  and  destroys  the  larvae  of  the  twig  bor- 
,  which  overwinters  in  bark  crevices. 
i  Cuttings  can  be  made  from  the  whips  by  chopping, 
,jt  power  sawing  whole  bundles  with  a  fine-toothed 
iw  is  more  convenient  in  large  operations.  The  opti- 
um  length  for  field  planting  in  the  South  is  20  inches. 
ie  saws  are  often  operated  immediately  adjacent  to 
ie  planting  sites  to  assure  freshness  of  planting  stock, 
nly  cuttings  from  1/2  inch  to  1  inch  in  diameter 
lould  be  used,  and  split  or  peeled  cuttings  should  be 


discarded.  Small  cuttings  dry  out  excessively  after 
planting  and  contain  too  little  stored  food  to  give  the 
tree  a  good  start.  Cuttings  larger  than  1  inch  are  ex- 
cellent planting  stock  but  are  hard  to  handle.  Crooked 
sections  of  stem  should  be  discarded,  as  should  stems 
with  cankers  or  insect  emergence  holes.  Orange-col- 
ored pith  may  show  on  ends  of  cuttings  when  borers 
have  been  busy.  Waste  should  be  burned  regularly. 

If  the  whips  are  cut  into  20-inch  lengths  in  the  nurs- 
ery, they  should  be  stored  carefully.  For  ease  of  han- 
dling and  counting,  cuttings  should  be  tied  in  bundles 
of  100  with  all  the  butt  ends  pointed  in  the  same  direc- 
tion. Drying  and  exposure  to  light  for  extended  periods 
before  planting  are  very  harmful.  Cuttings  or  even 
whips  should  not  be  exposed  to  drying  conditions  dur- 
ing transport  to  planting  sites.  A  tarpaulin  or  wet  bur- 
lap will  keep  the  stock  in  good  shape.  Prior  to  plant- 
ing, cuttings  should  be  soaked  in  water  until  they  are 
fully  saturated  —  a  process  that  may  require  3  days. 

When  planting  will  be  delayed  until  after  the  start 
of  the  normal  growing  season,  cuttings  must  be  kept  in 
cold  storage,  where  the  temperature  can  be  main- 
tained between  28  and  32°  F.  Cold  air  must  circulate 
around  the  cuttings  to  keep  them  from  sprouting.  To 
keep  them  moist,  bundles  can  be  set  butt  down  in  a  2- 
to  3-inch  layer  of  moist  sand  on  wooden  duckboards 
placed  over  a  permanent  floor.  Each  layer  of  bundles 
should  be  covered  with  burlap  which  must  be  thor- 
oughly wet  down  twice  a  week. 

Costs  of  nursery  stock  will  vary  from  $6  to  $10  per 
thousand  cuttings.  Cost  per  thousand  has  been  re- 
duced somewhat  by  commercial  planters  who  have 
established  temporary  nurseries  in  conjunction  with 
first-year  plantations.  These  nurseries  are  on  sandy  or 
silty  loams  that  ere  moist  but  have  good  surface  drain- 
age. They  are  usually  next  to  a  river  or  other  body  of 
water.  As  many  as  50,000  cuttings  have  been  pro- 
duced from  1  acre,  but  25,000  is  about  average.  In 
the  winter  when  the  nursery  is  abandoned,  some  well- 
spaced  sprouts  are  left  to  form  the  dominant  trees  in 
the  subsequent  "plantation." 

Nurseries  must  be  kept  free  of  weeds.  Also,  insect 
pests  must  be  kept  to  a  minimum.  A  systemic  insecti- 
cide consisting  of  activated  carbon  dust  with  44-per- 
cent phorate  is  registered  for  dip-treating  cottonwood 
cuttings  at  planting.  This  chemical  and  treatment  can 
be  recommended  for  the  first-year  protection  of  cotton- 
wood nurseries  from  the  cottonwood  twig  borer  (Gyp- 
sonoma  haimbachiana  Kearf.)  and  associated  in- 
sects. The  treatment  does  not  fully  protect  against  the 
cottonwood  leaf  beetle  and  other  defoliators  near  the 
end  of  the  growing  season.  In  recent  studies  other  sys- 
temic insecticides  have  shown  promise.  Ultra  low  vol- 
umes of  rapidly  degradable  insecticides  show  promise 


for  controlling  defoliators  without  polluting  the  environ- 
ment around  the  nursery.  In  a  field  trial,  malathion  (95 
percent  Cythion®  ULV)  applied  with  a  tractor-mounted 
pressurized  mist  blower  at  14  ounces  actual  spray  per 
acre  gave  complete  control  of  the  cottonwood  leaf 
beetle.  An  8  ounce  per  acre  application  of  Dursban®  4 
pounds  per  gallon  also  provided  complete  control.3 

Proper  insect  control  in  the  nursery  can  increase  the 
cost  of  cuttings  by  from  50  cents  to  $1  per  thousand. 
This  cost  is  minor  when  compared  to  total  cost  of  es- 
tablishing a  plantation,  and  ignoring  insect  problems 
in  the  nursery  may  severely  reduce  survival  and  first- 
year  growth  of  plantations. 

Establishing  Plantation 

Planting  and  initial  care  are  covered  in  a  single  sec- 
tion of  this  paper  because  the  cottonwood  plantation  is 
not  established  until  the  crowns  close,  usually  near  the 
end  of  the  first  growing  season.  The  more  nearly  the 
plantation  has  achieved  complete  use  of  the  site  by 
roots  and  leaves  before  weed  control  is  stopped,  the 
faster  subsequent  growth  will  be. 

The  recommended  length  of  20  inches  for  cuttings 
was  arrived  at  through  research  on  both  survival  and 
planting  techniques.  A  cutting  is  most  likely  to  root  if 
the  butt  end  is  placed  in  very  moist  subsoil.  As  length 
is  increased  up  to  about  20  inches,  the  likelihood  of 
survival  is  also  increased.  Longer  cuttings  are  not  gen- 
erally recommended,  since  increases  in  survival  do  not 
justify  the  increase  in  planting  cost.  The  cuttings  should 
be  planted  1  8  inches  deep  to  take  advantage  of  soil 
moisture.  The  deeper  the  cutting,  the  more  likely  that  a 
single  sprout  will  emerge.  Multiple  sprouts,  enhanced 
by  shallow  planting,  are  undesirable.  About  2  inches 
should  be  left  above  ground  to  help  tractor  operators 
see  the  rows  during  early  cultivation  (figs.  8,  9). 

The  planting  season  in  the  Southern  United  States 
extends  from  December  through  early  March.  Planting 
holes  can  be  punched  into  the  ground  by  hand  with  a 
rod  1  inch  in  diameter.  A  step  at  18  inches  and  a 
handle  at  3  feet  can  be  bent  into  the  rod  (fig.  10);  the 
end  should  be  sharpened.  Narrow  subsoil  trenches 
opened  by  machine  can  be  handplanted  efficiently, 
but  there  should  be  no  foot  on  the  subsoil  chisel.  With 
either  method,  the  cutting  should  be  placed  butt  end 
down  and  the  opening  around  it  should  be  closed  by  a 
kick  of  the  heel. 

An  efficient  planting  machine  has  been  developed. 
It  opens  a  trench  with  a  subsoil  chisel  (fig.  1  1)  and  in- 
cludes racks  for  carrying  cuttings  and  a  sulky  seat  for 
a  man  who  inserts  cuttings  in  the  trench.  The  machine 
is  mounted  on  a  three-point  hitch  and  requires  a  trac- 
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Figure      8. — Two  inches  should   be  left  exposed  when  tl 
cutting  is  planted. 


Figure      9. — When  cuttings  are  planted  properly,  a  sing 
healthy  sprout  normally  develops. 
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igure  10. — A  rod  1  inch  in  diameter  with  a  step  and  a 
handle  bent  into  it  punches  holes  of  the  right 
size  and  depth. 


igure    11. — The  planting   machine   includes  a   chisel   that 
opens  a  narrow  trench  18  inches  deep. 


tor  of  at  least  85  drawbar  hp.  to  pull  efficiently 
through  all  soils.  With  less  power,  the  chisel  hangs  up 
on  roots  and  small  stumps.  The  subsoil  bar  should  be 
made  of  T-l  or  stronger  steel  and  measure  36  inches 
by  6  inches  by  1/2  inch.  Depth  of  cut  is  set  for  1  8  inch- 
es. The  planting  machine  can  be  made  in  a  welding 
shop  for  about  $400. 

With  machine  planting  the  cutting  is  simply  pressed 
to  the  bottom  of  the  fissure  and  left  in  an  upright  posi- 
tion, large  end  down.  Some  caving  of  the  trench  oc- 
curs immediately,  but  frequent  heavy  rains  are  relied 
upon  to  seal  the  cutting  in  the  soil.  Advantage  is  thus 
taken  of  the  trench  to  allow  maximum  rainfall  penetra- 
tion into  the  soil.  Cuttings  soaked  in  water  for  at  least 
3  days  before  planting  remain  wet  in  the  trench  during 
the  winter  for  periods  of  up  to  3  weeks  without  rain. 

Uniform  spacing  within  and  between  rows  is  impor- 
tant to  assure  efficient  machine  cultivation.  To  achieve 
the  desired  spacing  the  site  must  be  crossmarked  in 
advance  of  planting  (fig.  1  2).  One  means  of  showing 
the  planter  where  to  insert  cuttings  within  rows  is  to 
properly  space  spring-loaded  plow  shanks  on  a  tool- 
bar attached  to  the  three-point  hitch  of  a  farm  tractor. 
Small  plows  on  the  ends  of  the  shanks  will  leave  clear 
marks  that  are  not  easily  obliterated  by  rain  or  other 
causes.  An  ordinary  marker  must  be  mounted  on  the 
tractor  to  properly  space  subsequent  rows.  Thirty 
acres  can  be  marked  daily  with  this  equipment. 

A  guide  bar  across  the  front  of  the  tractor  that  pulls 
the  planting  machine  helps  the  driver  line  up  on  pre- 
viously planted  rows.  Hanging  chains  on  the  ends  of 
the  bar  aid  the  driver  in  maintaining  precise  distances. 

The  initial  spacing  between  cottonwoods  is  very 
important,  because  stagnation  can  occur  and  the  trees 
do  not  recover  from  it  quickly.  The  objective  should  be 
to  provide  sufficient  room  for  trees  to  grow  at  the  max- 
imum rate  until  they  reach  pulpwood  size  and  a  thin- 
ning is  profitable. 

Studies  of  stands  through  the  sixth  growing  season 
indicate  that  a  spacing  of  1  2  by  12  feet  is  about  right 
to  maintain  growth  to  a  size  suitable  for  pulpwood 
thinning.  At  that  age  these  studies  had  an  average 
yield  of  2.2  cords  per  acre  per  year.  Spacings  of  8  by 
9  feet  gave  equal  yields  but  the  trees  averaged  over  1 
inch  smaller  in  diameter  than  trees  spaced  1 2  feet 
apart  (5.6  inches  vs.  6.7  inches).  Height  increase  of 
dominant  trees  averaged  about  1  1  feet  per  year  at 
both  spacings.  Spacings  of  1  6  by  18  feet  have  been 
tried,  but  they  appear  to  offer  no  advantages.  Consid- 
erable volume  was  lost  because  trees  planted  that  far 
apart  took  8  years  to  fully  occupy  the  site.  In  addition, 
large  live  limbs  persisted  low  on  the  main  bole. 

With  some  species  any  form  of  cultivation  that  cuts 
roots  near  the  surface  of  the  ground  is  detrimental  to 


Figure     12. — Cuttings  are  inserted  in  th 
subsoil  trench  at  crossmarks. 
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the  growth  of  young  trees.  It  was  long  believed  that 
cottonwoods  reacted  in  this  manner.  However,  thor- 
ough first-year  cultivation  to  a  depth  of  6  inches 
throughout  the  planting  site  hastens  crown  closure  in 
cottonwood.  Deep  cultivation  provides  insulation 
against  evaporation  of  subsurface  moisture,  and  the 
loose  soil  permits  rapid  percolation  during  hard  sum- 
mer rains.  The  increased  aeration  is  also  probably 
beneficial. 

Research  and  experience  of  commercial  planters 
show  that  weeds  need  to  be  kept  completely  away 
from  the  growing  trees  until  the  crowns  close.  Most 
commercial  planters  are  straddle-plowing  one  row  at 
a  time  with  a  conventional  four-row  front-mounted 
farm  cultivator  until  the  trees  are  about  2  feet  tall.  Cul- 
tivators equipped  with  shovel-type  plows  allow  tillage 
close  to  the  young  plant  and  avoid  hand  hoeing  (fig. 
13).  Inside  these  plows  are  shields  which  regulate  the 
flow  of  dirt  beside  the  tree  and  keep  large  chunks  of 
debris  and  clods  from  striking  the  tender  sprouts.  The 
first  plowing  is  usually  done  in  the  direction  of  plant- 


ing,  and    the   second    cultivation    is    done   across   th< 
planting  rows.  Shields  should  be  removed  for  the  thin 
cultivation,  but  straddle-plowinq  should  be  continue! 
until  trees  are  so  tall  that  the  toolbar  is  likely  to  dam 
age  the  trees.  When  weed  growth  between  rows  be  '  ' 
comes  heavy,  the  plows  on  the  rear  toolbar  should  bi 
removed  and  a  7-foot  tandem  disk  or  spring-loadei    : 
chisel  plows  substituted.  To  make  these  changes  thif0 
set  of  the  tractor  wheels  must  be  altered. 

When  the  trees  are  too  tall  to  straddle,  some  opera 
tors  remove  the  cultivators  and  pull  a  7-foot  tanden 
disk  set  to  cut  as  deeply  as  possible  (fig.   14).  In  thi    "■ 
last  cultivation,  which  should  be  done  in  the  direction !: 
of  planting,  only  the  front  section  of  the  tandem  disk  i>s 
needed,  and  it  should  be  set  at  a  sharp  angle  to  cove    • 
grass  and  weeds   around  the  base  of  the  trees  wit 
dirt.  Dirt  piled  as  high  as   1  2  to  18  inches  will  aid  th     ■ 
growth  of  cottonwood.  The  ditch  formed  between  th 
rows  will  collect  water  during  periods  of  heavy  precip  M'° 
itation  and   aid   future  tree   growth.    In   late   summei 
guards  may  be  needed  over  the  tractor  tires  to  pre  ! 


Figure  13. — Weeds  must  be  controlled  as  closely  as  possible  to  the  trees  (left).  Front- 
mounted  plows  are  recommended  for  early  cultivation  because  they  are 
easiest  for  the  tractor  operator  to  direct  precisely  (right). 


P&aNr^i-.^i^&r^  gat  -■'■•-:^Pi 

Figure  14. — When  trees  get  too  large  to  pass  under  a  tractor  toolbar  without  stem  break- 
age, cultivation  can  be  done  speedily  within  rows  with  disk  (left)  or  spring- 
tooth  (right)  harrows. 


vnt  breaking  of  limbs  Fifty-five  gallon  drums  cut  in 
Ilf  and  mounted  on  the  tractor  frame  in  front  of  the 
rar  wheels  afford  the  necessary  protection. 

Mechanical  cultivation  early  in  the  growing  season 
ceatly  improves  survival  of  trees,  and  intensive  culti- 
wtion  throughout  the  first  year  doubles  or  triples  the 
pwth  that  can  be  expected  where  minimal  weed 
qntrol  is  practiced.  A  prime  tenet  of  weed  control  is  to 
ppw  the  weeds  when  they  are  small  and  doing  little 
cmage  to  trees.  At  that  time  the  operator  can  easily 
sb  the  trees,  and  weeds  are  less  likely  to  get  out  of 
h,nd  if  there  is  an  extended  period  of  wet  weather. 

Some  hand  hoeing  may  be  necessary  where  vines 
cp  present.  A  bad  condition  usually  develops  in  wet 
sJDts  or  where  morning  glory  (Ipomoea  sp.),  honey- 
sckle  (Lonicera  japonica  Thunb.),  or  wild  bean 
(ipios  americana  Medic.)  have  become  concentrat- 
I  and  were  not  eliminated  by  site  preparation  or  ear- 
li.'  cultivation.  If  they  are  not  controlled,  vines  too 
cse  to  the  stems  to  be  cut  by  machine  will  quickly 
c.nb  into  the  tops  of  the  young  trees  and  cause  con- 
serable  damage. 

Other  than  the  preemergence  herbicides  described 
iconnection  with  site  preparation,  no  chemicals  have 
ben  tested  sufficiently  to  recommend  their  use  for 
^ed  control  in  cottonwood  plantations.  Cottonwood 
I;  a  high  tolerance  for  some  herbicides  that  have 
[pn  screened  (9),  but  no  herbicide  has  been  devel- 
d  that  spares  broadleaved  trees  and  kills  weeds 
r  they  have  emerged  from  their  seeds.  On  recently 
blared  ground  preemergence  chemicals  are  effective 
Q|y  for  a  short  period  in  the  spring  of  the  first  year, 
ever,  early-season  protection  may  eliminate  early 
ivation  and  justify  the  cost  of  $3  to  $5  per  acre 
•Quired  to  apply  a  band  of  chemicals  2  feet  on  each 
of  a  tree  row.  Chemicals  other  than  preemerg- 
e:e  herbicides  cannot  be  recommended  even  on  a 
pj>t  scale  without  further  research. 

ultivation  costs  may  range  from  $10  to   $15  per 
aje,   depending   on   amount  of    handwork    required. 


With  no  hoeing,  about  $1  1  per  acre  is  the  current  cost 
to  maintain  a  commercial  plantation  in  a  weed-free 
condition.  Where  Johnson  grass  is  plentiful,  costs  may 
run  over  $  1  5  per  acre  for  clean  cultivation. 

Protection 

A  rapidly  growing  cottonwood  stand  contains  an 
unusually  high  volume  of  succulent  tissue  that  is  attrac- 
tive to  animals  and  insects.  The  bark  is  soft  and  pro- 
vides little  protection  against  wildfire.  Leaf  and  stem 
diseases  have  given  some  trouble  in  the  South.  Thus, 
the  plantation  manager  must  guard  against  fire,  ani- 
mals, insects,  and  diseases,  any  one  of  which  may 
severely  reduce  growth  or  even  destroy  plantations. 

The  first  year  is  the  only  time  when  protection  from 
deer  is  necessary.  Domestic  livestock  should  be  exclud- 
ed for  a  somewhat  longer  period  —  until  the  trees  are 
strong  enough  to  withstand  riding-down  by  large  ani- 
mals. Even  then,  only  limited  grazing  should  be  al- 
lowed to  avoid  soil  compaction.  Deer,  rabbits,  and 
domestic  livestock  will  occasionally  strip  bark  from 
trees  during  the  winter,  but  such  damage  is  unlikely 
after  the  corky  bark  begins  to  develop  early  in  the 
second  year.  Deer  and  livestock  can  be  excluded  from 
the  plantation  during  the  first  year  or  two  through  use 
of  the  brush  fence  described  earlier.  Beavers  that  re- 
side along  streams  and  sometimes  those  that  migrate 
along  major  rivers  can  quickly  decimate  a  cottonwood 
plantation.  Control  of  this  animal  should  be  assured 
before  plantations  are  established.  State  forestry 
commissions  and  game  commissions  are  good  sources 
of  information  about  regulations  regarding  control. 

Insects  can  be  particularly  damaging  in  cottonwood 
plantations  because  they  can  reproduce  rapidly  to 
take  advantage  of  the  concentration  of  succulent  plant 
tissue.  By  dipping  the  moist  cuttings  in  phorate  dust, 
insect  problems  early  in  the  first  year  can  be  prevent- 
ed. In  this  manner,  attacks  by  the  cottonwood  twig 
borer  are  prevented  until  trees  are  well  established. 
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This  borer  attacks  the  growing  branch  tips  and  pre- 
vents the  twigs  from  elongating  normally.  Terminal  tips 
are  often  killed,  after  which  the  tree  either  produces 
more  than  one  leader  or  develops  a  crooked  stem 
when  a  new  leader  grows  around  the  wound.  The 
caterpillar  that  does  the  damage  is  whitish  with  a 
brown  head,  and  about  1/4-inch  long  when  full 
grown.  The  adult  is  a  grey  moth.  Treatment  with  phor- 
ate  is  the  only  control  that  has  proven  effective  thus 
far.  Cottonwood  leaf  beetles  (Chrysomela  scripta 
F.)  eat  the  foliage  and,  when  it  is  exhausted,  the 
growing  tips  of  the  tree.  They  can  reduce  growth  and 
deform  stems,  particularly  on  trees  less  than  1  year 
old.  Most  epidemics  occur  late  in  the  growing  season 
but  the  insect  can  hit  at  any  time.  The  adult  is  1/4-inch 
long,  has  black  and  yellow  stripes,  and  looks  much  like 
a  potato  beetle.  The  larvae,  which  are  black,  grow  to 
1/2  inch  in  length  and  give  off  a  pungent  odor  when 
disturbed.  In  nature,  the  insect  is  controlled  by  lady 
beetles,  which  feed  on  eggs  and  pupae.  Insecticides 
can  be  applied  as  a  last  resort  when  it  is  clear  that 
losses  would  be  very  large  if  no  treatment  were  ap- 
plied. The  currently  recommended  treatment  is  14 
ounces  per  acre  of  95  percent  Cythion®  ULV  applied 
aerially  or  with  a  tractor-mounted  mist  blower. 

The  cottonwood  root  and  stem  borer  (Paran- 
threne  dollii  Neum.),  a  clear-wing  moth,  is  some- 
times troublesome.  The  adult  has  a  brown  body  and 
dark  wings;  wingspread  is  about  1-1/2  inches.  The 
larvae  make  tunnels  as  long  as  6  inches  in  the  pith 
and  wood  of  young  root  crowns  and  lower  stems.  An 
important  indication  of  attack  is  the  hole  that  is  kept 
open  to  the  outside  for  the  escape  of  the  adult  moth. 
The  caterpillar  is  white  or  pinkish,  has  a  broad  head, 
and  is  about  1  inch  long.  Treatment  of  cuttings  with 
systemic  insecticide  protects  the  tree  during  the  first 
year  (11). 

Insects  seem  to  concentrate  their  attacks  on  weak 
trees,  particularly  those  growing  on  poor  sites.  Hence, 
careful  site  selection  and  clear  cultivation  reduce  likeli- 
hood of  damage  by  producing  healthy,  vigorous  trees. 

No  important  disease  has  been  epidemic  in  cotton- 
wood  plantations  established  in  the  South.  The  poplar 
canker  (Cytospora  chrysosperma  Fr.)  frequently 
kills  some  young  trees  that  have  low  vigor  or  are 
weakened  by  other  agents.  In  latitudes  near  Cairo,  Illi- 
nois, severe  damage  from  the  poplar  canker  has  been 
experienced  in  plantations  where  moisture  stress 
caused  poor  growth  of  planted  trees  and  where  an 
early  hard  frost  caused  some  bark  damage.  Cool,  wet 
weather  is  ideal  for  development  of  the  cankers. 
Spores  that  start  the  cankers  must  gain  entry  to  the 
wood;  therefore,  wounding  late  in  the  growing  season 


(as  through  pruning)  should  be  avoided.  Similar  cank 
ers  of  other  species  (primarily  Hypomyces  solan 
(Mart.)  Snyd.  &  Hans,  and  Phomopsis  macroscarpc 

Kobayashi  &  Chibi)  occasionally  infect  cottonwood  ir 
the  South  (4). 

A  rust  fungus  of  the  genus  Melampsora  sometimes  I 
defoliates  cottonwood  of  all  ages.  The  rust  forms  yel- 
low spores  on  the  lower  sides  of  the  leaves,  and  dead, 
leather-colored  patches  appear  on  the  tops  of  leaves  f 
Slight  evidence  of  this  disease  is  noticeable  almosi 
every  year,  and  sometimes  trees  are  almost  complete 
ly  defoliated.  Damage  in  the  South  is  limited  to  loss  ir 
growth,  and  no  chemical  treatments  are  recommend 
ed.  Genetically  resistant  cottonwood  strains  are  beinc 
developed.  Disease  incidence  is  extremely  variable 
between  trees,  and  scientists  are  incorporating  resist 
ance  in  new,  fast-growing  clones. 

Fire  protection  is  essential  in  cottonwood  plantation; 
after  the  first  year.  The  light  shade  afforded  by  cotton- 
wood crowns  encourages  growth  of  understory  plants 
These  plants  often  wither  in  the  dry  southern  autumn! 
and  leaves  from  the  trees  add  to  the  fuel.  Under  dr) 
conditions,  a  fire  can  easily  destroy  a  plantation.  Fire 
breaks  should  be  made  along  roads  adjoining  planta 
tions  and  at  intervals  of  no  more  than  1 ,000  feet  with  j 
in  plantations.  These  breaks  should  be  at  least  15  fee*' 
wide.  In  addition,  frequent  patrols  or  other  meam 
must  be  provided  for  maintaining  a  close  watch  durinc 
periods  of  high  fire  danger. 

Costs  of  protection  will  vary  from  year  to  year,  bt  i[ 
averages  from  experimental  and  commercial  operc 
tions  indicate  an  annual  expense  of  about  $2  per  acre 
In  the  first  year,  the  money  will  be  spent  on  insect  cor 
trol.  In  later  years,  it  will  be  divided  between  insec 
control  and  fire  protection. 

Plantation    Management    After    Estab 
lishment 


Since  cottonwood  is  intolerant  of  shade,  a  fine  ba 
ance  must  be  struck  between  sufficient  light  for  rapi<  'm 
tree  growth  and  sufficient  side  shade  to  aid  in  nature 
pruning.  Where  artificial  pruning  is  planned,  the  mar 
ager  can  afford  to  give  trees  more  growing  spac 
than  where  natural  pruning  is  relied  upon.  He  mu; 
balance  maximum  value  increment  on  individual  tree 
with  that  for  the  stand  as  a  whole,  however. 

Thinning  is  related  to  initial  spacing,  which  is  furthe 
related  to  the  goal  of  management.  Most  planters  wi 
be  aiming  for  as  quick  a  return  from  the  first  thinnin> 
as  possible.  They  will  continue  thinning  until  a  fine 
harvest  of  large  and  valuable  saw  and  veneer  logs.  T 
achieve  maximum  growth,  basal  area  should  not  b 
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owed   to   exceed   80   to  90   square   feet  per   acre. 
gular  and  heavy  thinning  at  3-  to  5-year  intervals 

be  necessary. 
An  initial  spacing  of  1  2  by  1  2  feet  is  recommended 

most  purposes.  Survival  will  be  as  high  as  90  per- 
it  at  the  end  of  the  first  year  if  all  recommendations 
;  followed  and  if  extreme  droughts  do  not  occur  dur- 

the  growing  season.  In  sawtimber  rotations,  suc- 
isful  plantations  are  those  where  190  to  240  trees 
i  of  pulpwood  size  at  the  time  of  the  first  thinning 
|.  15).  For  very  short  pulpwood  rotations,  a  1  0-  by 

foot  spacing  may  be  desirable,  in  which  case 
Dut  325  trees  should  reach  minimum  pulpwood  size 

ore  thinning. 


■'•Wt  '*"v88S'73.v?S*:»-lr.  **.!/%'■ 


Table  1 . — Estimated  yields  in  a  saw-  and  veneer-timber  ro- 
tation 
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"ijro  15. — Six-year-old  plantation  ready  for  first  thin- 
ning, in  which  every  other  row  will  be  re- 
moved. 

^  stand  under  average  growing  conditions  and  on 
3  ood  site  should  develop  and  be  thinned  about  as 
>rwn  in  table  1 ,  if  pulpwood,  sawtimber,  and  veneer 
noer  are  to  be  produced. 

he  yields  in  table  1  are  typical  of  good  sites  for  a 
iG/-  and  veneer-timber  rotation  (fig.  16).  The  cut  at 
^proximately  age  18  would  be  primarily  for  sawtim- 
%,  although  a  few  logs  would  be  suitable  for  veneer. 
-Wever,  about  60  percent  of  the  logs  cut  at  age  28 
A/jld  be  suitable  for  veneer  and  the  other  40  percent 


Age 
(years) 

Trees 

Average 
d.b.h. 

Peri 

odic  cuts 

Number 

Inches 

Cords 

Bd.  ft., 
Doyle  rule 

8 

200 

8 

8 

12 

100 

12 

13 

18 

50 

18 

4 

5,850 

28 

25 

28 

18 
43 

23,600 
29,450 

would  be  good  quality  saw  logs.  Tops  would  make  up 
the  pulpwood  cut  at  age  28.  At  age  8  the  thinning 
would  remove  alternate  rows  of  trees  in  one  direction, 
and  at  age  1  2  alternate  rows  in  the  other  direction 
would  be  removed  in  the  second  thinning.  The  third 
thinning  would  remove  the  damaged  and  weak  trees 
as  well  as  those  selected  to  release  final  crop  trees. 
Some  trees  will  be  too  small  to  harvest  at  the  first  thin- 
ning and  may  even  die  before  reaching  merchantable 


Figure    16. — A  10-year-old  plantation  near  Greenville,  Mis- 
sissippi. 
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size.  Mortality  is  considered  in  the  table  by  showing 
the  number  of  trees  reaching  merchantable  size  as 
only  two-thirds  of  those  planted.  This  survival  rate  is 
about  average  for  good  sites. 

Some  landowners,  particularly  pulp  companies, 
may  want  to  minimize  rotation  length  to  produce 
wood  rapidly,  harvest,  and  reinvest  by  planting  again. 
Short  rotations  provide  the  opportunity  to  inject  geneti- 
cally improved  planting  stock  at  frequent  intervals.  For 
a  short  pulpwood  rotation  a  spacing  of  1  0  by  10  feet 
and  325  survivors  at  age  6  are  assumed.  The  yields  at 
this  age  and  in  the  other  two  cuts  recommended  for 
maximum  volume  production  of  cordwood  are  shown 
in  table  2. 


Table  2 — Pulpwood  rotation  yields 


Age 
(years) 


Number  of  trees  left  at  indicated  age 


Trees  per  acre 


D.b.h. 


Cuts 


Number 

Inches 

Cords 

6 

200 

6.4 

4.8 

9 

120 

9.0 

8.4 

12 

0 

12  0 

32.5 

45.7 

Of  course,  timing  of  thinning  and  of  final  harvest 
can  be  varied  considerably  to  suit  the  landowner's 
needs.  Whatever  the  combination,  thinning  should 
never  be  delayed  until  cottonwood  growth  slackens.  In 
the  early  stages  of  growth  (less  than  6  inches  in  diam- 
eter) the  number  of  trees  must  be  the  principal  guide. 
As  the  trees  reach  minimum  merchantable  size,  basal 
area  becomes  a  meaningful  measure  of  stand  density. 
Spacing  studies  have  shown  that  this  basal  area 
should  not  be  allowed  to  exceed  90  on  the  best  sites 
before  the  stand  is  thinned.  After  the  last  thinning  the 
stand  can  be  allowed  to  reach  a  basal  area  as  high  as 
1  20  square  feet  before  the  final  harvest. 

On  sites  that  are  rated  as  mediocre  for  cottonwood, 
but  where  survival  is  good,  yields  can  be  expected  to 
be  about  a  third  of  those  for  the  best  sites.  Soils  rated 
good  for  cottonwood  will  yield  about  two-thirds  the 
volumes  expected  from  superior  soils. 

During  all  harvests,  stumps  should  be  cut  flush  (or 
nearly  so)  with  the  ground.  Low  stumps  deteriorate 
rapidly  and  do  not  hinder  vehicle  access  during  future 
cuts.  In  addition,  low  cutting  helps  to  avoid  the  ex- 
pense of  site  clearing  after  the  final  harvest. 

The  expense  of  establishing  future  plantations  can 
be  kept  down  by  mowing  the  understories  in  estab- 
lished plantations  at  about  4-year  intervals.  A  heavy 
rotary   mower    mounted   on    a   wheel    tractor   with    a 


three-point  hitch  can  be  set  to  run  1  2  to  18  inches  off 
the  ground.  This  treatment  leaves  fine  game  food  and 
yet  restrains  sprouts  of  other  tree  species.  If  the  owner 
does  not  wish  to  grow  game  food,  he  may  choose  to 
disk  at  intervals  of  1  or  2  years  during  the  spring  or 
early  summer  to  control  undesirable  vegetation  and 
enhance  tree  growth.  Such  disking  is  most  beneficial 
when  done  as  soon  as  tops  of  thinned  trees  have  dete- 
riorated somewhat.  When  disking,  it  is  wise  to  straddle 
stumps  for  safety  as  well  as  to  cut  stumps  as  much  as 
possible  to  hold  down  sprouting. 

Some  planters  may  wish  to  consider  pruning  select- 
ed crop  trees  at  an  early  date.  Although  lower  limbs  ; 
of  the  trees  begin  dying  in  their  second  year,  it  is  not 
until  about  age  4  that  many  of  these  limbs  fall  from 
the  tree  boles  (fig.   17).  After  the  second  growing  sea- 
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son  some  limbs  can  be  knocked  off  the  lower  bole  with 
a  light  club.  In  addition,  research  shows  that  pruning  ; 
of  live  limbs  to  half  the  tree  height  does  not  reduce 
diameter  or  height  growth  of  the  main  bole.  Wounds 
as  large  as  3  inches  in  diameter  can  be  expected  to 
heal  in  1  year  (5).  To  avoid  canker  diseases,  wounds 
should  not  be  created  during  the  winter.  The  best  time 
to  prune  appears  to  be  spring  or  summer.   Research 
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Figure    17. — In  this  2-year-old  plantation  lower  limbs 
dying  and  some  have  fallen. 
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ider  way  at  the  Southern  Hardwoods  Laboratory 
ould  soon  develop  more  precise  information  for  tim- 
g  of  pruning.  Now  it  does  not  appear  practical  or 
ofitable  to  go  above  a  height  of  32  feet  with  artifi- 
3I  pruning.  Some  believe  that  natural  limb-fall  should 
)  relied  on  above  about  20  feet,  because  special 
luipment  is  needed  for  a  man  to  safely  prune  above 
s  height.  At  any  rate,  limbs  should  be  pruned  flush 
,jth  the  bole  to  hasten  callusing  and  complete  healing 
the  wound. 

I  Pruning  to  a  height  of  about  9  feet  can  be  easily 
:icomplished  with  handsaws  or  small  powersaws. 
ijiy  pruning  above  this  height  should  be  from  a  solid 
:atform  fixed  to  a  tractor.  If  equipment  is  available 
e  platform  can  be  raised  and  lowered  as  with  a  fork- 
I.  To  avoid  danger  of  falling,  guardrails  should  be 
:Dvided  for  the  pruner.  Safety  glasses  or  goggles  are 
•commended  to  avoid  eye  damage  from  twigs,  chips, 
:ld  sawdust. 

Increases  in  the  value  class  (pulpwood  to  sawtim- 
:,r)  or  the  grade  of  the  main  stem  will  add  to  income 
j  the  time  the  plantation  is  harvested.  For  example, 
:|-tonwood  grown  to  28  inches  in  diameter  would  be 
/j>rth  six  times  as  much  for  use  as  veneer  and  sawtim- 
jr  per  unit  of  common  measure  than  it  would  for 
3  pwood,  assuming  stumpage  prices  of  $5  per  cord 
3p  $57  per  thousand  board  feet  (Doyle  rule).  In  addi- 
|i,  pruning  increases  the  amount  of  clear  veneer  that 
li  be  made  from  the  butt  log  of  a  28-inch  tree  by 
lire  than  30  percent. 

I  If  the  stumps  left  after  final  harvest  are  no  more 
lin  2  inches  above  ground,  a  major  land-clearing  job 

I I  not  be  needed  to  establish  a  new  plantation. 
Sue  piling  of  tops  and  debris  will  be  necessary  to 
3>tect  the  next  crop  from  deer.  In  addition,  the  site 
s|)uld  be  disked  with  a  heavy  disk  late  in  the  fall  be- 
ta the  winter  of  replanting.  Planting  rows  should  be 
slanged  to  avoid  recently  cut  stumps  in  the  direction 
Iwhich  the  planting   machine  will  be  pulled.   Every 

rt  should  be  made  to  obtain  genetically  superior 
g  stock  for  the  new  plantation.  At  today's 
pees,  establishment  of  a  second  plantation  immedi- 
lily  following  the  final  harvest  of  the  first  should  cost 
$D  to  $60  per  acre. 

Mter  the  first  year,  cottonwood  plantations  provide 
fin  habitat  for  deer,  turkey,  quail,  rabbits,  and  other 
|me.  The  cover  is  excellent  and  the  understory  con- 
fos  a  profusion  of  desirable  food  plants  such  as 
divberry  and  vetch.  In  many  instances  it  may  be  pos- 
»i  e  for  the  cottonwood  planter  to  increase  the  returns 
fen  his  investment  by  selling  hunting  rights.  Some 
:cpmercial  planters  and  hunting  organizations  are 
Trig  to  increase  the  game-carrying  capacity  of  plan- 
icons   by   seeding   highly    nutritious  winter  crops    for 
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wildlife.  They  hope  that  these  crops  will  carry  unusual- 
ly high  game  populations  through  the  months  of  De- 
cember-February, when  food  is  normally  in  short  sup- 
ply. 


Investment  Opportunities 

Cottonwood  is  highly  marketable  for  a  wide  range 
of  products.  It  has  long  been  a  favored  species  for 
beverage  cases.  The  wood  is  light  in  weight  but  tough, 
and  its  whiteness  provides  an  excellent  printing  sur- 
face. Veneer  buyers  seek  the  species  for  core  stock 
and  bonding  in  furniture  plywood.  In  some  cases  it  is 
used  as  face  veneer.  As  factory  lumber  cottonwood  is 
used  in  frames  of  overstuffed  furniture  and  for  other 
furniture  parts.  The  wood  is  a  favorite  for  production  of 
matches,  toothpicks,  and  excelsior.  In  addition,  it  is 
desirable  for  pulps  that  are  made  into  magazine  pa- 
per on  which  photographs  can  be  reproduced  with 
unusual  clarity. 

Currently,  cottonwood  represents  only  3  percent  of 
the  available  timber  volume  in  the  Lower  Valley  of  the 
Mississippi  River  —  the  principal  region  suitable  for  its 
growth.  One  reason  for  this  low  percentage  is  that  cot- 
tonwood grows  well  only  where  moisture  and  soil 
conditions  are  good.  Another  is  that  natural  stands  of 
cottonwood  are  not  being  formed  as  often  as  they 
once  were.  The  U.S.  Corps  of  Engineers  now  controls 
the  meanderings  of  the  Mississippi  River  and  its  major 
tributaries  to  reduce  the  formation  of  new  ground, 
which  is  essential  for  cottonwood  seeding.  Plantations 
are  needed  to  supply  an  expanding  market  that  is  cur- 
rently dependent  upon  a  shrinking  resource. 

There  are  several  other  considerations  that  must 
enter  into  decisions  to  grow  cottonwood.  First,  highly 
profitable  agricultural  lands  compete  for  some  sites 
capable  of  supporting  cottonwood,  though  lands  sub- 
ject to  regular  overflows  of  rivers  are  better  risks  for 
tree  plantations  than  other  crops.  Second,  large  ex- 
penditures are  necessary  to  establish  plantations.  If 
the  landowner  is  already  in  a  farming  enterprise, 
much  equipment  will  be  available.  Otherwise,  equip- 
ment must  be  purchased.  One  operation  in  which  ap- 
proximately 1,250  acres  of  land  are  planted  annually 
required  the  following  equipment: 


Article 


Number        Cost 


93  to  100  hp.  rowcrop  tractors  5  $40,000 

Four-row  front-mount  cultivators  5  5,200 

Heavy-duty  7-foot  tandem  disks  5  8,250 
Tree  planter  and  auxiliary 

equipment  5  2,500 
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Heavy-duty  high  dump  rake 
Bush  hog  mower 
Bench  type  swing  saw 
Trailer-mounted  mist  blower 
Trailer-mounted  acetylene 

and  electric  welder 
Bulldozer  blade  for  farm 

tractor  mount 
Air  compressor 
Heavy-duty  farm  trailer 
Pump  and  hose 


1,100 
750 
250 

1,500 

1,000 

900 

300 

1,000 

175 


Total      $62,975 


Other  costs  that  may  be  incurred  during  the  first 
year  of  operation  were  discussed  in  previous  sections. 
The  approximate  costs  per  acre  are: 


$       1.00 


Site  selection 

Site  preparation  (land  clearing, 
raking,  burning,  and  disking) 
Planting  stock 
Planting 
Cultivation 
Insect  control 
Trucking 


Total      $107.70 

These  figures  are  for  units  of  at  least  100  acres  on 
forested  sites.  Costs  would  be  somewhat  higher  on 
smaller  units. 

Annual  costs  and  periodic  costs  must  be  incurred; 
below  are  estimated  averages  for  the  batture  lands  of 
the  lower  Mississippi  River: 


75.00 

3.00 

12.00 

12.00 

2.20 

2.50 

Annual  Costs  per  Acre 

Taxes 

$0.50 

Management 

.50 

Fire  protection 

.50 

Total      $1.50 

Periodic  Costs  per  Acre 

Mowing  (every  fourth  year)  $4.00 

Insect  protection  (every 

eighth  year)  2.20 


Total      $6.20 

Reestablishment  costs  in  subsequent  rotations  will 
be  less  than  the  initial  establishment  costs  when  land 
clearing  is  involved.  The  total  for  starting  the  second 
plantation  is  estimated  at  $51 .70. 
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If  circumstances  permit,  cottonwood  can  be  set  o 
previously  cleared  land.  Here  the  cost  of  initial  estat 
lishment  would  vary  from   $50  to  $75  per  acre,  de 


pending  on  amount  of  site  preparation  required.  Cosl 
will  be  highest  where  deep  plowing  is  essential  t 
break  up  a  sod  or  plowpan. 

On  pulpwood  rotations,  a  rate  of  return  of  mor 
than  5  percent  can  be  expected  on  good  sites  if  estat 
lishment  costs  total  $  1  25  and  pulpwood  sells  at  its  cui 
rent  price  of  about  $4  per  cord.  If  $6  per  cord  can  b 
anticipated,  the  same  establishment  investment  wouli 
earn  in  excess  of  9  percent.  If  circumstances  perm 
planting  cottonwood  on  previously  cleared  land,  the 
initial  costs  of  about  $55  per  acre  might  be  requirec 


!;■'■ 


■■? 
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With  pulpwood  prices  at  $4  per  cord,  the  investmer 
would  earn  10  percent,-  at  $6  per  cord  the  rate  of  re 
turn  would  be  in  excess  of  1  5  percent. 

Regardless  of  whether  present  or  improved  stump 
age  prices  are  assumed  for  the  future,  raising  cottor 
wood  for  sawtimber   is  more  lucrative  than   arowin 


USE 


:■; 


■e 


*n 


pulpwood  alone.  On  good  sites  where  the  land  mu: 
first  be  cleared,  the  rate  of  return  will  range  from  7  tin 
1  2  percent,  depending  on  choice  of  future  prices. 

For  a  detailed  discussion  of  financial  consideratior 
in  growing  and  harvesting  cottonwood,  the  reader 
referred  to  "Investment  Guide  for  Cottonwood  Plan 
ers"  (2). 

Planting  Adverse  Sites 

Planting  of  unrooted  cottonwood  cuttings  and  cuius 
vation  through  the  first  growing  season  are  recom-'ui 
mended  only  for  the  sites  and  conditions  specified  ea  ■irenrii 
lier  in  the  paper.  Growth  is  so  rapid  and  response  Higher 
cultivation  is  so  dramatic  that  the  species  must  also  bdpc 
considered  for  planting  on  sites  other  than  those  dr'ijsii 
scribed. 

One   approach    to    adverse   conditions    that   show: 
considerable  promise  is  improvement  of  the  site  befoi  i 
planting.  Sustained  high  growth  rates  for  cottonwoc :  let 
have  not  been  obtained  on  heavy  soils  that  are  con-   I? 
pacted,  poorly  drained,  or  extremely  high  in  clay  coi  •  0' 
tent.   Excellent  early  survival   and  growth  have  bee' 
achieved  on   such   soils  after  careful   site  preparatic 
and  planting  of  20-inch  cuttings.  Experiments  therefoi  :■ 
are  under  way  to  see  whether  good  growth  can  fcij 
sustained  through   initial  deep  plowing,  mounding  i 
bedding,  and  deep  plowing  between  rows  of  develoi 
ing   trees.   Results  of  this   research   must   be  obtaine : 
before  the  procedures  can  be  recommended. 

In  some  cases,  planting  techniques  can  be  altere : 
with  good  results.   For  example,   research   has  show 
that   seedlings  are   better  able   to  withstand   shallo  . 
flooding  during  the  growing  season  than  unrooted  a  ■ 
tings  (8).  On  sites  subject  to  shallow  flooding,  seet  ■ 


,gs  should  be  planted  firmly  with  the  rootcollar  at 
pund  level  and  about  25  inches  of  stem  above 
:3und.  In  the  South,  planting  should  be  done  in  late 
^vember  or  early  December  before  the  planting  site 
'flooded  by  winter  rains.  Cultivation  should  proceed 
:jer  the  site  dries  in  late  spring  or  early  summer, 
[owth  on  these  areas  will  be  considerably  slower 
pn  on  well-drained  sites,  but  land  values  are  lower. 
On  sites  that  are  subject  to  deep  overflows  that 
lpy  last  for  a  number  of  weeks,  some  success  has 
:en  obtained  with  long,  rooted  cuttings  planted 
:;eply.  A  procedure  has  been  developed  sufficiently 
:<:  field  use  on  a  pilot  scale.  One-  or  two-year-old 
vsery  stock  is  lifted  with  a  deep  cutting  blade  to 
jtain  24  inches  of  cutting  from  below  ground  with 
i'ne  roots  attached  and  a  sprout  whip  1  6  to  20  feet 

The  top  is  pruned  to  leave  a  single  stem,  and  the 
ilow-ground  portion  is  pruned  so  that  most  roots  do 
w  extend  out  more  than  4  to  6  inches.  An  8-inch 
:sthole  auger  mounted  on  the  back  of  a  tractor  is 
ited  to  bore  holes  40  inches  deep.  Boring  should  be 
3ne  when  the  sites  are  dry  and  equipment  can  be 
Derated  easily.  The  rooted  cuttings  are  lifted  and 
:iinted  after  they  are  dormant.  Growth  the  first  year 
suoor,  but  these  long  whips  do  well  thereafter.  Culti- 
/rion  speeds  growth  but  is  not  essential. 

Where  the  ground  freezes  deeply  in  the  winter,  bet- 
si  survival  has  been  obtained  with  deeply  planted 
Idlings  than  with  cuttings.  Research  near  Wickliffe, 
(ntucky,  showed  that  seedlings  survive  better  and 
3fi  more  resistant  to  canker  diseases  on  the  stem.  The 
Tlher  resistance  of  seedlings  is  due  at  least  partly  to 
'hir  developing  a  corkier  bark  than  sprouts  from  elit- 
es in  northern  climates. 
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